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The  following  report  is  of  an  investigation  done 
jointly  with  representatives  of  the  American  Printing  House 
for  the  Blind,  Finis  1*  Davis,  Superintendent.  The  funds 
v/ere  provided  "by  the  American  Printing  House  for  the  Blind 
through  a  contract  with  the  Kentucky  Hesearch  Foundation, 
University  of  Kentucky.  This  work  was  part  of  a  research 
program  established  by  contract  between  the  Library  of 
Congress  and  the  American  Printing  House  for  the  Blind. 

The  funds  provided  by  the  Library  of  Congress  fin  need 
the  major  portion  of  the  research.  .  Hov?ever,  the  cost 
of  some  of  the  material  and  labor  v;  s  supplied  by  the 
American  Printing  House  for  the  Blind. 
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This  study  was  a  truly  cooperative  effort  in  wliich 
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afforded  continual  encourguenent  throughout  the  duration  of 
the  experiment.  Several  valuable  sug  estions  were  made  by 
v  xious  representatives  of  other  Braille  presses.  Virgil 
Zickel  supervised  the  extremely  difficult  task  of  printing 
all  of  the  Brai  Is  used  in  the  study.  The  dr.t .  was  gathered 
by  the  authors  an  Samuel  Ashcroft  and  Betty  Duncan  of  the 
American  Printing  House.  Marjorie  Hooper,  editor  at  the 
American  Printing  House  spent  many  hours  preparing  the 
material  for  Braille  print. 
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AN  EXPLANATORY  NOTE 


The  following  report  consists  of  two  separate  inves¬ 
tigations  ,  one  a  study  of  the  readability  of  Braille  as  a 
function  of  three  spacing  variables  using  school  children 
as  subjects  and  the  second,  a  study  of  the  readability  of 
Braille  as  a  function  of  the  same  Braille  spacing  variables 
with  adult  readers.  The  report  of  the  first  study  is  more 
detailed  than  the  second.  The  kinds  of  analyses  were 
essentially  alike  in  both  studies  and  the  rationale  for 
their  use  and  interpretations  of  the  particular  statistics 
employed  is  much  more  fully  described  in  the  report  of 
the  first  investigation.  This  is  especially  true  for  the 
Alexander  trend  analysis,  which  also  turned  out  to  be  the  most 
sensitive  statistical  tool. 
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The  pur  -•ose  of  this  invest  lotion  is  to  dstewdne, 
within  limits,  those  spacing  vi.luee  of  Braille  material 
v  :ich  permit  test  re  dn-bility  by  blind  readers. 

IUkj  spaeiisg  value*  in  question  are  the  distance  between 
dot  a  within  the  Braille  cal’,  the  distance  between 
i-r.  All©  cells,  «n&  the  (list  co  between  braille  li  es. 
a  short  resnrae  of  the  history  of  reading  syebesrs  for 
the  blind  will  probably  la  d  to  a  ole  rer  understanding 
of  the  problem. 

Line-  Aroe  :'pst?p,p.  The  earliest  forms  of  reading 
material  for  the  blind  were  these  er^loying  letters  of 
the  Ilomn  alphabet.  Various  met  rods  were  devised  and 
tried  out,  although  the  most  frequent  was  that  of 
c  rviiv-r  letters  cut  of  wood.  Tie  blind  read  this 
material  t-  otuslly  as  e  ariy  ?,a  the  fourth  century. 
Hedifi cations  of  tit®  Shape  of  the  letters  in  the  Roman 
al  -.hr-bet  ware  1  tar  advanced  with  little  improvement 
in  the  re  iding  system.  * 
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An  accidental  discovery  during  the  latter  pv.rt  of 
the  eighteenth,  century  paved  the  way  for  the  durable 
system  of  reading  for  the  blind.  ^  A  student  at  the 
laris  School  for  the  Blind  accidently  felt  the  outlines 
of  the  letter,  'o',  vhich  had  been  strongly  impressed 
upon  a  sheet  of  parser.  Following  the  discovery  that 
raised  print  was  erceptible  to  the  touch  of  the  fingers, 
Valentin  K&uy,  an  instructor  of  the  above  student, 
initiated  the  first  studies  on  the  legibility  to  the 
blind  of  embossed  characters.  After  trying  various 
types  cf  letters,  he  selected  the  Homan  alphabet  and 

H&ay  books  for  the  blind.  At  the  close  of  (hi 
eighteenth  century  the  pioneers  in  the  field  continued 
to  build  their  systems  on  the  assumption  that  the  blind 
could  best  perceive  through  the  sense  of  touch  the 
sane  form  of  characters  that  was  perceived  by  the  sighted. 
Arbitrary  Hon-Dot  Systems.  During  the  nineteenth 
century  it  was  realized  that  either  the  Homan  Letter 
would  have  to  be  further  simplified  or  an  entirely 
different  style  of  character  based  on  sore  arbitrary 
principle  would  have  to  be  employed.^  I'he  first 
widely  accepted  arbitrary  non-dot  system  was  devised 


2.  Balph  V.  Merry,  Factors  Involved  in  tactile  Heading. 

1928,  P.  1. 

3.  Harry  Best,  Blindness  ;nd  the  Blind.  1934, 

P.  408-409 
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by  Lucas  of  England.  In  1837,  who  designed  a  type  of 
shorthand  alphabet.  The  basic  characters  consisted 
of  four  lines,  one  vertical,  one  horizontal,  and  Wo 
oblique. 

Another  arbitrary  non-dot  system  was  devised  in 
1847  by  a  blind  man,  Dr,  Villiam  lioon.  His  system 
consisted  of  highly  modified  Roroan  capital  letters, 
bine  letters  of  the  alphabet  were  but  little  changed, 
thirteen  were  simplified,  and  four  new  characters  were 
added.  The  system  can  be  read  by  the  return  line 
method  from  left  to  right  and  back  from  right  to  left. 

Moon* s  system  has  been  reported  to  be  very  easily 
learned,  particularly  by  adults,  and  is  still  very 
much  in  use,  although  it  is  very  bulky  and  slowly 

4 

read  .nd  cannot  be  written  by  the  blind.' 

Dot  Systems.  During  the  first  quarter  of  the 
nineteenth  century  Charles  Barbier  of  Paris,  Prance, 
constructed  a  dot  oyo-en  of  reading  for  the  blind. 

His  system  consisted  of  groups  of  dots  in  cells 
containing  two  vertical  columns  of  six  points  each. 

The  characters  were  selected  by  phonetic  principles, 
each  character  representing  a  certain  sound.  Best  5 
states  that  the  system  was  not  acceptable  for  general 

■■■»-  ■ — - — i  ...I. ...  - .. ,, .  . ... 

4.  Haloh  V.  Merry,  Pact or s  Involved  in  Tactile  Reading. 
1928,  P.  5. 


5.  Harry  Best,  dindnenc  and  the  Blind.  1934, 
P.  410-411. 
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use  as  the  cell  was  too  large  for  immediate  perception 
and  it  necessit  ted  a  considerable  waste  of  space. 

In  1829,  Loxiis  Braille,  a  blind  instructor  at 
the  Paris  School  for  the  Blind,  node  the  necessary 
modifications.  Kis  cell  consisted  of  two  vertical 
columns  of  three  dots  each.  Sixty- three  characters 
could  be  represented  by  one  or  more  dots  in  various  com¬ 
binations.  The  customary  orthographic  stucture  was 

substituted  for  the  phonetic  arrangement  of  Barbier* s 

s 

system.  The  simplest  possible  combinations  of  dot3 
were  given  to  the  first  ten  letters  (a-j),  employing 
all  combinations  of  the  first  and  second  rows.  For  the 
letters  k  through  t  a  dot  in  the  bottom  i’ow  at  the 
left  was  added  to  each  of  the  foregoing  let  ter sr 
and  for  the  letters  u  through  z  both  dots  in  the 

bottom  row  were  added.  This  remains  the  basic  code  of 
present  day  Braille. 

The  Braille  System  was  introduced  into  the 
Missouri  School  for  the  Blind  in  1860.  Abbreviations 
we re  devised  in  this  country  which  stood  singly  for 
words  of  phrases  of  very  frequent  occurrence.  This 
system  was  known  as  Grade  11,  the  original  being 
Grade  1.  It  has  also  been  referred  to  as  Snglish  or 
British  Braille.  ® 


6.  Ibid. 

7.  Karl  Bur’aLen,  Touch  ifea  iiv:  of  the  Blind,  (translated 
from  tlie  lenaan  by  Frieda  Kiefer  Kerry),  1932,  P.  57. 

8.  Harry  Best,  Blindness  and  the  Blind,  1934,  P.  412. 
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At  the  close  of  the  nineteenth  century,  two 
independent  modifications  of  the  Braill*  2/stem 
inatlg  ted  much  debate  and  some  experimentation  on 
the  best  reading  system  for  the  blind.  v  The  first 
modlfic  tion  was  devised  in  1868  by  William  Wait  of 
the  Hew  York  Institute  for  the  Blind.  This  Hew  York 
Point  System,  instead  of  being  vertical  in  structure, 
was  mainly  horizontal  and  was  two  points  high  and  one 
or  more  points  long.  The  system  was  based  upOn  the 
principle  of  frequency  of  recurrence;  the  moat  frequently 
usod  characters  were  composed  of  the  fewest  number  of 
dots.  This  system  was  adopted  in  most  of  the  schools 
for  the  bli  d.  Ten  years  later  Joel  Smith  rearranged 
Braille's  system  according  to  the  principle  of  the 
frequency  of  recurrence,  and  this  system,  given  the 
name  American  Braille,  was  also  adopted  in  a  number  of 
schools  for  the  blind  in  this  country. 

During  this  time  there  we re  two  point  systems  in 
use  by  the  blind  in  America.  In  1900  a  Tactile  Print 
Investigating  Committee  was  appointed  by  the  American 
Association  of  Workers  for  the  Blind.  This  later 
developed  into  the  Uniform  Type  Committee.^® 


9.  Ibid. 


10.  Ee  -ort  of  the  Uniform  Tywe  Com;dttee,  Qutlo  .k 
for  the  Blinds  1908. 
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This  committee  was  to  compare  the  several  existing 
systems  and  to  recommend  a  system  for  universal  adoption. 
Much  of  their  selection  was  "based  on  the  judgements  of 
their  members,  although  there  were  some  investigations 
using  small  numbers  of  subjects. 

Their  finding  concerning  readability  as  a  function 
of  the  number  of  dots  was  that  M Within  limits,  a  system 
using  few  dots  can  be  read.  mor9  rapidly  and  accurately 
than  one  using  many  dots”.  **  Burklen  ^  states  that 
readability  is  more  a  function  of  the  pattern  or  form 
of  the  dots  than  it  is  of  the  number  of  dots,  a 
Character  with  good  geometric  pattern  is  un  re  easily 
read  than  one  with  a  fewer  number  of  dots,  ^or  example, 
in  his  experiment,  the  character  representing  the 
letter  ‘g’,  composed  of  four  dots  (;  ;)t  was  found  to  be 
more  readable  than  any  of  the  characters  cosnosed  of 
only  two  dots. 

The  committee  also  reported  that,  tt  A  system  using 
few  dots  can  be  written  with  the  Kail  Braille  Writer 
more  rapidly  and  accurately  than  one  using  many  dots”  ^ 


11.  IMd- 

12.  Karl  Burklen,  Touch  leading  of  the  Blind.  1932, 

P.  18. 
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Report  of  the  Uniform  Type  Connittee,  Qutlc.je 
for  the  Blind.  1908. 


V  livsw  wtt  ©*  ‘  * 


.  o  ';;  '»  -  '  '  1  • 

fto  ©4a«m$ftfft  rl*  *o  /*•»»<*  •>  '  *"“ 

>««*:  (fj.t  fto  «e>J  »-  «*  *  ^1,;; 


noitw  ft  «  ,  \l t£l'.:  *>**  1tU*x*acO  - •  *:' 

•?»v*.r  «  ^  'Ji  *  ’»  *  i*t*  Of:  "  '  '’■  •■'  r','*;  * 

Yjr  m  ft  ir.  \IXfi  •-  61M  &  ©**  •©  •“' 3  at<*  w  : 

^  4  fteiela  51  *£ta4  1  .*#*«*  ^wb  yicd  *ao  *«** 

vo  **»/#  %tt  ft  fcalfor.'  a  ^oo  ei  t**-1-' ’  *•■*• 
,  *  '  o  *  •-  '•■  a-  ;? 


£  •  •  ,  :  ©  J-  -:  j  •• "  ’  ’  '  ' 0 

. 

ttiiA  •-,  J-  -??'V  ^  :s!>  '■ o  -  "•  ,  ■  > eif'  #1 

ft-  7t*0  -  t©#©.  '  -.••  '•  \‘l  ■  .  C  •©•  -VIC 


.a^  vi  '.-:  •- 

•.-•,■  11  ,*'■  t  ’ -'i-t  -*0  oil.  r*C$  is”:  .*©  s'i" 


,  ■ 


•*.HU  .:i 

. 

.  x  .  i 


jbfetM  *«r*  mil#:  •©*  i-  jlecM 

•W*  AOI: 


7 


In  addition  they  compared  New  York  Point  and  American 
Braille  on  readability  as  a  function  ox  the  number  of 
dots  in  the  vertical  column.  Their  findings  showed 
that  if  the  number  of  dots  was  held  constant,  the  system 
using  as  many  as  three  points  high  could  be  as  easily 
read  ac  one  employing  only  two  points. 

Another  investigation  by  this  committee  concerned 
whole-word  and  part-word  signs.  They  stated  that 
whole-word  3igns  which  did  not  introduce  a  question  as 
to  the  level  of  a  character  in  the  line  facilitated 
reading,  and  otherwise  was  a  hindrance.  The  effect  of 
the  part-word  signs  was  not  so  clearly  indicated. 

The  next  report  of  the  committee  was  presented 
in  1909,  During  the  two  years,  they  had  repeated 
some  of  the  studies  of  1907,  employing  a  larger  number 
of  subjects.  Their  findings  were  essentially  the  sane. 
One  additional  investigation  demonstrated  that  vertical 
signs  were  more  legible  than  horizontal  signs.  The 
comittee  reported  similar  conclusions  in  1911,  with 
one  additional  study.  ^  This  investigation  was  of  the 


14.  Report  of  the  Uniform  Type  Committee,  Columbus,  1909 
Convention,  American  Association  of  Workers  for  the 
Blind. 

15.  Report  of  the  Uniform  Type  Committee,  June,  1911. 


V 


nctt}  •»  ai 

*A0.i'XT*A  jl  iuia  ©&  1  A' 

u  ,**«  «<*  >.  i .  -  xtiii  *  *  *;0  f~'; ' 

. 

^11*  »  *a  *'■  J>JL'<v‘0  slaJnq  «**»  *■  **  -1fl^if 

.:.  ;.,  v..  -f  v 

5.fl|ii*i«ortca  i*J?»  a.o.  /£'  "It  iioii  **'*’•'  c  -^* 

i  :  .«  . M.  ...'■•  •  ~  -  *' ; 

..  iKtli/t  .  a.  ••  iV.  ••'  .*  >'  •  •  ’  “*c  ,0 

,ec  JiUo  V  &  ii  "J/u  to  '-  ' 

\*i  io-  i  -  ’  .*  nM  -  /  •••■  "  . 

. 


.fcojr.eaov  ^  «►*  axil  ‘io  ;l*Ou*.'T  9i  :■■ 

b*t*ttq*i  ecti  jv%  ova  aott  &)ru<  7  .  ,  ':X  ttl 

•I®0  -J.W  T^il  •  **,i\  «£.  -c  ,W  :  io  •aiiU-i*  io  *  »r 

.o  tli*  -**  -r ow  ,hl-:  ;:c 


£»l*zev  J-wi?  -yoteT*  aoi«  ;}Jc t«  r.ij  r.  »0  #.; 


-■< 

dtbf  ,1'iex  .  'CO  ,1A^  ^taurei  «m>i 

v  ••  •'••  •  f  -  '■  *  •■’  •  .'i'-.'  ■;■.  *:  . 


- 


I  ,«**'•  MoO  .WtfVracO  *  r.ra  to  ^  \0  .„. 

«*  «wc*m«  io  no  it  tieo«»i  *  ait—A  ^Urir:u^ 

. 

.IICX  .HtlM  Ktf  «?»  Hof9il 


.  > 


.  I 


8 


fourth  base  characters  in  Hew  York  Point.  They  stated 
that  the  results  of  this  study  v.ere  uncertain  because 
the  experimental  reading  material,  composed  of  proper 
name 3,  was  too  difficult  for  their  subjects  to  read. 

In  1913,  the  committee  reported  on  a  study  which 

lfi 

directly  compared  the  tiiroe  selected  systems. 

Subjects  had  recxl  three  selections  in  British  Braille, 
American  Braille,  and  Hew  York  Point.  Their  findings 
3hovred  that  British  Braille  was  most  easily  read,  and 
lev;  York  Point  was  least  easily  read. 

In  1915,  the  committee  proposed  a  modified  system 
which  they  called  the  Standard  Dot  System.  This  system 
consisted  of  a  combination  of  the  features  of  British 
Braille,  American  Braille,  and  Hew  York  Point. ^ 

Tids  was  accepted  officially  the  following  year,  although 
it  was  not  actually  adopted.  The  British  refused  to 
accept  so  drastic  a  change,  and  the  matter  terminated 
in  1917,  when  the  American  workers  accepted  the 
British  Braille.-5-®  They  did  incorporate  a  few  changes 
under  the  name  of  Revised  Braille,  v'hich  was  to  be 
known  as  Grade  One  and  a  Half  because  it  fell  intermediate 
between  Grade  One  and  Grade  Two  of  the  Bngiioh.  System. 


16.  Uniform  Type  Committee,  Fourth  Biennial  Report, 
Jacksonville,  June,  1913. 

17.  Uniform  Type  Committee,  Convention  of  Workers  for 
the  Blind,  Berkeley,  California,  1915 

18.  Report  of  the  Commission  on  Uniform  'Type  for  the 
Blind,  Portland,  Kaine,  June,  1917. 
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In  1923,  another  agreement  wag  effected  which 
consisted  of  a  slight  modification  of  G-rade  Two  Braille. 

This  final  revision  iias  "been  given  the  name  Standard 
English  Braille  and  is  being  used  in  the  schools  today. 

Related  Studies.  Before  the  Standard  System 
was  completed,  problems  were  introduced  concerning 
which  dimensions  should  be  used  in.  the  printing  of  the 
standard  code.  It  vas  desired  that  the  printing  houses 
for  the  blind  seek  uniformity  in  their  printed  material. 

Such  variables  as  spacing  between  dots  within  Br&ille  cells, 
spacing  between  Braille  cells  end  spacing  between  lines 
needed  to  have  fixed  values  to  attain  universal  agreement. 

The  Uniform  Type  Committee,  while  working  on  the 
problem  of  the  best  code,  also  studied  to  a  limited  degree, 
the  spacing  variables.  In  this  study  they  took  three  lists 
of  the  same  words  differently  arranged.  All  subjects  read 
each  list  ir.  American  Braille  with  each  spacing  arrange¬ 
ment.  "One  list  was  printed  with  the  usual  block  spacing, 
one  with  the  Uniform  Hew  York  Point  interval  between 
characters  and  one  with  a  closer  varying  interlitteral 
spacing.**  30  .iany  of  the  subjects  had  no  previous 
experience  with  either  form  of  close  spacing,  so  the  results 
of  their  experiment  are  questionable.  However,  they  con¬ 
cluded  that  their  study  "would  seen  to  indicate  a  small 
loss  in  legibility,  and  considerable  economy  in  space"  with 
the  close  forms  of  spacing. 


19.  national  Institute  for  the  Blind,  Standard 
English  Braille.  1932. 

20.  Uniform  Type  Committee ,  lourth  Biennial  Eeport, 
Jacksonville,  June,  1913. 
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By  1920  it  was  still  debatable  as  to  what  was  the 
most  suitable  specifications  of  type  for  reading.  To 
this  end,  a  study  of  spacing  was  made  by  the  Commission 
on  Uniform  Type . ^  Their  experiment  employed  eight 

lists,  four  of  words  and  four  of  letters  in  four 
different  scales  of  type  (eighty  simple  words  and  three 
hundred  letters).  All  subjects  read  all  lists  in  a 
different  order.  The  four  scales  used  were  as  follows: 


Scale  of  Type 

Dots 

Cells 

Lines 

Commission  Scale 

.090 

.250 

.398 

Close-Let  ter  Scale 

.090 

.218 

.380 

Cl so e- Line  Scale 

,090 

.250 

.285 

Reduced  Scale 

Laterally 

Vertically 

.082 

.072 

.218 

.365 

The  total  number  of  seconds  taken  and  the  total 
number  of  errors  wade  by  all  readers  on  each  of  the 
eight  sheets  was  recorded.  An  estimate  of  both  time 
and  accuracy  was  made,  introducing  a  penalty  of  fire 
for  every  error.  Prom  these  scores  the  relative 
efficiency  for  each  scale  of  type  was  computed.  Their 
results  showed  that  the  Commission  Scale  was  the  most 
desirable  and  this  was  accepted  as  t he  standard,  the 
exception  being  a  change  in  the  line  spacing  from 
.398"  to  .400". 


21.  3Pifth  Report  of-  the  Commission  on  Uniform  Type 
for  the  Blind,  1920* 
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In  1927,  some  data  were  gathered  on  the  most 
desirable  height  of  dot.^  Prior  to  that  tine  the 
question  of  the  proper  height  of  dot  in  Braille  hooks 
was  determined  by  the  preference  of  the  publishers, 

Many  felt  that  the  dots  should  be  made  as  high  as  possible, 
without  breaking  through  the  paper.  In  most  of  the 
books  published,  the  dots  ranged  from  ,023B  to  ,030H 
in  height.  This  investigation  compared  dots  of  .025”, 

.022”  end  .OIS^  in  height.  It  was  found  that  the  dots  of 
,022H  were  superior  to  either  of  the  extreme  heights 
(,025H  or  ,018M),  Pew  embossers  used  a  dot  lower  than 
.025H,  yet  it  was  shown  that  lover  dots  are  superior. 


22,  ICathr  tx  B.  I  axfield,  The  Blind  Child  .end  Hi  a 

Heading.  1928,  P.  14, 
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rationale  and  procedure  for  present  study 

It  is  apparent  that  there  has  been  very  little 
systematic  experimentation  on  the  readability  of  Braille 
as  a  function  of  the  size  and  spacing  specifications. 

The  three  spacing  variables,  spacing  between  dots  within 
Braille  cells,  spacing  between  cells,  and  spacing  between 
lines,  were  selected  for  the  present  investigation. 

At  present  there  is  disagreement  as  to  the  most 
suitable  values  of  the  spacing  variables  for  readability. 
Regarding  the  spacing  between  Braille  dots,  Kunz  states  that 
when  the  interval  between  the  dots  was  reduced  in  France  to 
less  than  three  millimeters  "the  limits  of  the  sense  of 
touch,  and  of  legibility  had  been  exceeded...  For  the 
simultaneous  apprehension  of  several  obtuse  points  by  the 
blind,  the  distance  between  the  points  should  be  three 

O  7 

millimeters,"  However,  Burklen  states,  "The  usual  size 

of  the  characters  (7  mm.  high  by  4.5mm.  wide)  may  be 

considered  satisfactory  as  an  upper  but  not  as  a  lower  limit. 

The  most  useful  spacing  of  the  dots  from  one  another  lies 

between  2  and  3  mm.,  but  this  is  still  to  be  determined 

through  intensive  research.  A  reduction  of  Braille  type 

24 

below  the  present  measurements  seems  possible." 


23.  M.  Kunz,  The  Physiology  of  the  Blind,  1908,  P.  6 

24.  Karl  Burklen,  Touch  Reading  of  the  Blind, 1932,  P.  52 
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Ilajcfield  has  suggested  that  it  might  "be  advantageous 
to  saiop t  a  widf'r  line  spacing  for  teaching  "blind  beginners, 
but  stated,  "as  there  i3  no  conclusive  evidence  for  or 
against  the  use  of  a  vd&er  line  spacing, n  that  this  v/ould 
depend  on  the  decision  of  the  teachers.^ 

In  the  present  study,  three  values  of  each  of  the 
spacing  variables  were  selected  to  be  read  in  all  possible 
combinations,  The  standard  values  and  one  value  greater 
than  the  standard  and  one  less  than  the  standard  W9re 
employed  for  each  of  the  spacing  variables,  with  the  ex¬ 
ception  of  cell  spacing  in  which  both  added  values  are  less 
than  the  present  standard.  The  standard  spacing  is  as 
follows: 

Between  dots  within  Braille  cells  ,090H 

Between  Braille  cells  .ISO" 

Between  Braille  Lines  »220* 

The  conventional  method  of  measuring  vhe  distance  between 

Braille  cells  and  line3  differs  from  the  method  used  in 

this  investigation,  Tor  instance,  the  distance  between 

Braille  cells  is  usually  cited  as  the  distance  between 

corresponding  dots  in  adjacent  cells  or  the  distance 

between  dot  one  in  adjacent  cells.  In  this  study  the 

distance  cited  is  that  betv/-een  dot  four  in  one  ceil  and 

dot  one  in  the  adjacent  cell. 


25.  Kathryn  3.  Masfield,  ?ho  Blind  Child  3t  3»J.ang. 
1928,  P.  43. 
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Likewise  the  distance  between  lines  is  usually  cited  as 
that  between  corresponding  dots  in  adjacent  lines,  whereas 
tiis  ai stance  referred  to  in  the  present  study  refers  to  the 
distance  between  thu  two  closest  dots:  ie,  dot  three  and 
dot  one.  The  following  diagram  illustrates  the  two  methods* 

.  • 

•  •  t  t 

•  •  •  V 

•  •  e  • 

•  t  ♦  • 

•  •  •  ♦ 

Present 
Method 

The  experimental  values  selected  for  dot  spacing  within  cells 
was  ,080*,  ,090n,  and  .100*.  The  minimum  value  at  which  the 
dots  can  be  spaced  is  ,080"  because  the  dot  bases  would  overlap 
at  a  smaller  value.  The  upper  value  was  selected  for  experi¬ 
mentation  somewhat  arbitrarily.  The  spacing  values  between 
Braille  cells  was  .123*,  .140H,  and  .160*.  These  values  also 
were  chosen  somewhat  arbitrarily.  However,  it  was  felt  that 
the  lowest  value  should  be  considerably  greater  than  the 
distance  between  dots  within  Braille  cells.  Both  added  values 
were  less  than  the  standard  because  it  was  felt  that  any  in¬ 
crement  in  readability  which  night  be  added  by  using  wider 
spacing  would  have  been  cancelled  out  by  the  increase  in  the 
additional  space  through  which  the  fingers  must  move.  The 
final  determination  of  the  values  was  based  on  the  number  of 

t 

3raille  letters  per  line  when  the  within  cell  spacing  was  stan¬ 
dard  ( .090* ) »  This  gave  the  above  values  and  the  corresponding 
number  of  letters  per  line  was  forty-two,  thirty-nine,  and  thirty- 

six  respectively. 
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The  values  chosen  for  line  spacing  were  .163”,  and  .220”. 
and  . 300w.  These  were  again  somewhat  arbitrarily  chosen,  hut 
they  permit  twenty-nine,  twenty-five  and  twenty-one  lines  per 
page  respectively,  whoa  the  other  spacing  variables  are  stan 
dard. 

The  three  values  of  each  of  the  three  variables  were  com¬ 
bined  in  all  possible  ways,  asking  a  total  of  twenty-seven 
combinations . ^ 

An  attempt  was  made  to  hold  the  height  of  the  dots  con.?; tan t 

at  ,015B.  247  dots  were  randomly  selected  from  nineteen  of  the 

twenty-seven  experimental  sets  of  materials  and  their  dots 
heights  measured  with  an  optical  comparator.  The  mean  height 
was  .0153%  the  range  was  from  .0123  -  ,0178. ^  The  standard 
dot  height  is  ,017”;  however,  a  height  of  ,015”  was  employed 
to  keep  broken  dots  at  a  minimum.  The  standard  base  diameter 
is  .080H  but  .055"  allowed  greater  variation  of  the  experimental 
variables. 

Another  deviation  from  standard  Braille  was  made  in  the 
method  of  spacing  the  cells  on  the  back  of  the  page.  The 
method  used  in  standard  embossing,  which  we  shall  call 
eemi-interpointing,  overlaps  the  space  between  the  second 
and  third  row®  of  dots  on  the  front  page  and  extends  two 
rows  below.  The  material  for  present  investigation  was 
embossed  with  what  ve  shall  call  full-interpoint,  employing 
the  space  between  the  first  and  second  rows  of  dots  on  the 
front  page  in  addition  to  the  space  between  the  second  and 
third  rows. 


26.  Appendix,  1. 

27.  Appendix,  Till. 
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The  reason  for  the  use  of  full  interpoint  was  to  permit  wider 
range  of  experimental  line  spacing  values.  The  results  of  a 
previous  study  by  the  experimenters  demons tr  v ted  that  full- interpoint 
is  read  as  easily  and  quickly  as  semi-interpoiit. 

Procedure.  This  investigation  was  done  in  two  parts.  In  the  first 
part  the  subjects  were  children  and  in  the  second  part  the  subjects 
were  adults.  They  are  treated  separately  in  this  report.  The 
follovring  procedure  and  result  sections  are  for  the  children  only, 
liach  of  the  twenty-seven  combinations  of  spacing  variables 

I  .  ,3 

was  read  by  four  subjects,  requiring  a  total  of  108  subjects. 

Although  the  use  of  more  subjects  would  have  been  desirable,  it 
was  not  practical  to  do  so.  The  material  was  read  by  children 
from  the  State  Schools  for  the  Blind  in  Ohio,  Kentucky,  Indiana, 
Illinois,  and  Tennessee.  Children  in  grades  fivs  through  twelve 
were  tested. 

The  reading  material  was  from  The  Black  Arrow  by  Hobart  Louis 

Stevenson. This  book  had  not  been  printed  in  Braille  in  America,1'^ 
thereby  providing  unfamiliar  reading  material,  but  it  is  one  that 

3eems  to  be  interesting  to  a  wide  age  and  intelligence  range.  The 
edition  which  was  read  was  rewritten  for  easy  reading  by  Carlin 
and  Christ.  A  Flesch  readability  Analysis30  v/as  made  on  the  book, 
and,  according  to  the  findings,  it  should  be  readable  by  children 
at  or  beyond  the  fifth  grade  level. 


28.  Robert  Louis  Stevenson,  The  Blah;  Arrow,  adopted  for  easy  reading 
by  Carlin  and  Christ,  1947. 

29.  One  subject  had  rea  and  English  edition  of  the  book,  and  several 
had  read  the  talking  book.  All  were  di s carded  from  the 
experimental  study. 


30.  Rudolf  P.  Flesch,  How  to  Test  Readability.  1951. 
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Equating  Study.  Chapters  twelve  and  thirteen  from  the 
boolc  were  selected  for  a  preliminary  reading  ability  test. 

These  Chapters  provided  interesting  episodes  which  could 
be  -understood  independently  of  the  rest  of  the  book.  This 
material  was  embossed  in  standard  Braille.  A  standard  set 
of  instructions  was  given  to  all  the  groups  reading  the 
material.  As  each  group  consisted  of  a  separate  grade 
in  the  school,  the  number  of  subjects  in  the  groups  varied. 
However,  no  more  than  nineteen  children  read  the  material 
s imu  1 1 ane o us  1  v .  All  subjects  were  instructed  to  read  as 
much  of  the  material  as  possible  without  skipping  words. 

There  was  a  thirty  minute  reading  period.  They  were  told 
that  they  would  be  asked  questions  on  the  material  they  were 
to  re  d.  At  the  end  of  the  specified  reading  time  the  amount 
read  by  each  subject  was  recorded  and  the  booklets  wore  taken 
up.  Their  comprehension  of  the  material  was  measured  from  a 
list  of  twenty  questions  of  the  multiple  choice  type.  There 
was  no  time  limit  for  answering  the  questions. 

It  was  necessary  to  test  275  children  in  order  to  have 
a  sufficient  range  of  reading  ability  and  number  of  scores 
for  the  experimental  design.  Measures  were  taken  un  the 
comprehension  of  the  material  and  the  average  number  of 
words  per  minute  read  by  each  subject.  All  children  who 
did  not  answer  at  least  fifty  percent  of  the  questions  covering 
the  amount  of  n  terial  refid  were  discarded  for  further  consider¬ 
ation.  This  excluded  twenty-two  children. 


31.  Appendix,  2. 
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The  scores  of  the  remaining  253  children  were  placed  in  a 
frequency  distribution  and  the  distribution  was  divided 
into  quartiles.°'; 

Experimental  Study.  One  subject  from  each  quart! la 

was  selected  for  each  of  the  twenty- seven  cells  of  the  design. 

The  scores  were  selected  in  order  to  have  the  mean  reading 

ability  of  the  four  subjects  in  each  cell  the  3aae.  A  vide 

range  of  ability  was  included  within  each  cell,  but  the  range 

between  cells  was  kept  at  a  minimum*  ’.The  particular  scores 

within  the  quartiles  were  selected  in  such  a  fashion  that  the 

mean  for  each  cell  was  seventy  words  per  minute  and  the  within 

o'? 

cell  range  was  approximately  the  same  from  cell  to  cell* 

Each  group  of  four  subjects  read  a  different  combination 
of  the  spacing  variables*  She  American  Printing  House  for  the 
31ind  compiled  the  ti/enty-soven  different  sets  of  material,  only 
one  of  which  approximated  the  present  standard  Braille,  ^he 
character! sties  of  the  material  were  checked  and  reclieclced 
throughout  the  printing.  The  first  eight  chapters  of  Tm 
Black  Arrow  wers  read  in  the  experiment. 

In  order  to  familiarize  the  subjects  with  the  new  type  of 
Braille,  they  were  asked  to  re  d  for  two  fifty  minute  periods 
on  successive  days.  In  addition,  any  changes  due  to  warm-up 
and  fatigue  effects  could  be  determined.  The  instructions 
for  reading  the  experimental  material  were  essentially  the 
seme  as  in  the  preliminary  reading  test.  ^  The  subjects 
were  asked  to  read  the  m  terial  as  fast  as  they  could  without 
skip  lag,  and  told  that  they  would  be  asked  questions  on  the 

material  they  read  when  they  held  finished. 


32.  Appendix,  3. 
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Shay  were  given  tldrty  multiple  choice  questions  on  the 
material  at  the  end  of  the  second  reading  period.  Any 
subject  who  failed  to  answer  at  least  fifty  percent  of 
the  questions  on  the  material  read  was  discarded  from 
the  study  and  another  subject  with  a  similar  score  was 
substituted.  Twelve  of  the  original  108  subjects  selected 
to  read  the  twenty- seven  combinations  were  replaced  by  sub¬ 
jects  with  similar  scores.  These  twelve  original  subjects 
were  not  used  because  of  lack  of  cocrpr ehsnsi on  of  the  material, 
or  failure  to  follow  Instructions,  or  unavailability  on  the 
testing  date. 

The  subjects  read  the  experimental  material  in  groups 
of  four.  The  total  number  of  words  for  the  two  reading 
periods  was  calculated  for  each  subject.  In  addition,  during 
the  reading  periods  the  time  at  the  end  of  each  page  vas 
recorded  for  each  subject.  These  data  were  gathered  in 
order  to  determine  if  there  were  any  differences  in  the 
amount  of  fatigue  produced  by  the  various  spacing  combi¬ 
nations. 
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DISCUSSION  OF  H33ULTS  OF  FIRST  INVESTIGATION 

Heading  Rate  —  Equating  Material*  Surprisingly  enough, 
there  is  vary  little  data  on  the  reading  rate  of  the  blind. 

In  an  experiment  by  Burklen**0  fifty  Gorman  subjects  read 
material  from  a  school  text  for  one  minute.  The  average 
reading  speed  for  his  subjects  was  sixty-six  words  per  minute. 

In  the  present  study,  the  average  number  of  words  per 
minute  read  by  the  275  subjects  reading  material  with  standard 
Braille  specifications  was  sixty-eight.  The  length  of  the 
reading  period  was  thirty  minutes.  However,  a  Pleach  Reada¬ 
bility  Analysis  showed  that  the  material  read  in  this  study 
was  readable  at  the  fifth  grade  level.  As  234  of  the  subjects 
were  beyond  the  fifth  grade,  the  material  i;as  probably  read 
more  rapidly  than  much  that  they  ordinarily  read.  The  average 
reading  speed  obtained  for  each  grade  level  is  shown  in  Figure 
1. 

As  would  be  expected,  the  reading  speed  increases  with 
grade  level.  However,  the  shape  of  the  curve  suggests  three 
lengthy  plateaus  and  two  stages  of  improvement.  There  is  no 
change  from  the  fifth  to  the  sixth  grade,  but  there  is  an 
increase  of  twenty-three  words  per  minute  from  the  sixth  to 
the  seventh  grade.  Following  thi3  sharp  rise  in  the  curve 
there  is  little  change  for  the  next  two  grades,  and  then  t  lie  re 
is  another  increa.se  of  fourteen  words  per  minute  at  the  tenth 
grade  with  another  plateau  for  the  next  two  grades. 


35.  Karl  Bur’rlen,  Touch  Reading  of  the  Blind,  1932, 

P.  44-45. 
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Figure  1.  Average  number  of  words  per  nimvfce 
read  at  successive  grade  levels. 

It  s &'3m  then,  as  if  there  are  long  periods  in  which 
there  is  no  apparent  increaae  in  reading  rate.  It  ia  xxjssible 
t'iat  the  rapid  increases  from  the  sixth  grade  to  the  seventh 
grade  and  fron  tlve  ninth  to  the  tenth  grade  Jiay  he  accounted, 
for  by  poor  readers  drop  in';  out  of  school  at  these  lards, 
5?h;>ir  results  should  be  of  interest  to  the  educators  of  the 
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mm  gm  a  m  m*.  mt* 

Comparing  the  four  scores  of  subjects  who  read 
particular  combinations  of  Braille  spacings  would  not 
he  as  meaningful  s  combiniaig  11  subjects  who  read 
coabin  tions  vliich  contained  a  particular  value*  For 
example,  the  dot  spacing  of  *080”  was  included  in  nine 
different  combinations,  foitr  subjects  read  each  combination 
so  there  are  thirty-six  subjects  who  read  Braille  whose  dot 
spacing  was  .080'*.  Likewise,  thirty-six  subjects  read 
Braille  whose  dot  spacing  was  .090" ,  and  thirty-six  subjects 
read  Braille  whose  dot  spacing  was  .100".  In  the  same 
maimer,  subjects  can  be  grouped  for  cell  and  line  spacing. 

The  means  for  each  of  these  nine  groups  of  thirty-six 
subjects  are  presented  in  Table  1. 

Braille  jurlated  with.  .080",  .090,  and  .100"  space 
oetween  dots  was  read  at  an  average  speed  of  65.8,  73.3 
and  71.8  words  per  minute  respectively.  It  appears  that 

the  material  employing  dot  spacing  of  .080"  was  not  read 

|| 

as  rapidly  as  that  with  .090°  and  .100  •  The  latter  differ 
by  only  one  word  per  minute.  The  three  mean  number  of  words 
per  minute  for  the  material  with  different  cell  spacings  .ore 
72.8,  69. 6,  and  68.6  from  the  smallest  spacing  to  the  largest 
spacing.  There  seems  to  be  little  difference  between  the  three 
means  for  cell  spacing  , 
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H2AH  H3ADIB0  RATBS  WITH  SPECIFIC  YALOSS  FOR  BOTH 
HFADI3G  PERIODS 
DOT  8FACIHO 


Average 


080" 

.  •09Q.'., 

.100” 

71.0 

68.2 

73.0 

63.8 

69.0 

74.8 

68.3 

69.0 

63.  C 

76.8 

68.0 

64.3 

60*0 

60.0 

74.5 

56.0 

64.0 

78.5 

62.0 

82,0 

70.0 

67.3 

36.0 

75.0 

66.5 

93.5 

74.0 

65.8 

73.3 

71.8 

CELL  SPACING 


.133"  -  .140"  ggO." 


71.0 

63.7 

73.0 

69.0 

68.3 

63.0 

69.0 

74.8 

68.0 

76.8 

68.3 

56.0 

64.3 

60.0 

74.5 

62.8 

60.0 

64.0 

78.5 

82.0 

86. 0 

70.0 

75.0 

57.3 

93.5 

74.0 

65.5 

72.8 

69.6 

68*6 
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LINE  SPACING1 


.163" 

.220" 

....  .300". 

71.0 

73.0 

66.0 

65.8 

76.8 

69.0 

77.3 

60.0 

60.0 

63.0 

68.0 

56.0 

69.0 

78.5 

74.5 

68.0 

82.0 

62,8 

64.3 

67.3 

70.0 

64.0 

74.0 

86.0 

66.5 

93.3 

75.0 

67.8 

74,7 

68.8 

5  ABIE  1 

The  first  three  columns  represent  averse  words 
per  minute  for  the  three  dot  spacings,  each  of  the 
nine  numbers  in  the  first  column  is  the  mean  rate  of 
four  subjects.  Thirty-six  subjects  read  material 
whose  dots  within  Braille  cells  were  spaced  at  .080”. 
This  column  re  resents,  then,  all  subjects  who  read 
Braille  whose  dots  were  tills  far  apart  regardless  of  the 
specifications  for  between  cells  and  between  lines. 

The  second  column  is  the  same  for  subjects  whose  dot 
s  acing  was  .090",  etc.  The  second  three  columns 
represent  averages  for  cell  spacing  and  the  third 
three  columns  for  line  spacing. 
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but  it  is  inter so tins  that  the  material  with  the  closest  cell 
spacing  (.133")  vas  read  more  rapidly  than  the  other  two. 

The  value  of  .1  ort  places  the  Braille  cells  consider  bly 
closer  than  the  rosent  specification  (.100"). 

Material  printed  with  a  line  epacing  of  ,163"  was  read 
at  on.  ;.vera;e  rate  of  67,6,  where  .s  the  material  with  a 
•  230*  space  between  lines  was  read  at  an  aver.ppe  of  74,7 
words  per  minute,  and.  the  ,3  0*  spacing  had  a  naan  raiding 
r  e  of  So.  8.  The  material  whose  line  spacings  was  .220" 
was  read  faster  than  the  other  line  s  aeing  of  .163*  or 
.300".  A  value  of  .230*  also  represents  the  resent  stan¬ 
dard  distance  between  lines. 

From  the  above  it  appears  that  &  combination  whose  dot 
spacing  i3  either  .096"  or  .106"  and  whose  cell  s  a  in.  Is 
.133*  ..nd  whose  line  spacing  is  .230*  is  superior.  However, 
the  differences  between  the  means  are  not  large  nd  the 
following  sections  will  be  corvcex*ned  with  further  statistical 
anal,  ses  of  the  d  la,  without  which  no  conclu?;lons  con  be 
a.  <de, 

average  number  of  words  er  minute  read  by  each  of  the  four 
subjects  for  the  t vent y- seven  combinations  is  shown  in  Table 
XI*  The  largest  total  inere  mb  in  rate  as  compared  to  spaed 
of  reading  the  equating  material  were  read  by  the  four  sub¬ 
jects  reading  with  the  values  *030",  .123",  and  *.:20"  between 
dots,  cells,  ana  lines  respectively. 
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The  total  number  of  words  per  minute  increased  by  ninty-six 
for  this  group.  It  is  interesting  that  this  is  the  particular 
combination  that  was  suggested  as  superior  from  the  analysis 
of  the  combined  data,  However,  most  of  the  increase  was 
contributed  by  the  subject  from  the  third  quartile.  This 
spacing  combination  consists  of  the  standard  values  for  dot 
and  line  spacing  and  the  smallest  value  used  in  the  study  for 
spacing  between  Braille  cells.  The  subjects  reading  the 
combination  of  the  standard  values  for  dot  and  cell  spacing 
and  the  largest  value  of  line  spacing  also  showed  a  large 
increase  in  the  number  of  words  read.  The  total  gain  for 
this  group  was  sixty- four  words  i>er  minute.  One  subject 
reading  this  combination  decreased  one  word  per  minute,  and 
the  other  three  gained  in  reding  speed.  The  subjects  reading 
the  combination  of  the  middle  values  of  each  of  the  three 
variables  gained  forty-eight  words  per  minute. 

The  largest  decrease  in  reading  speed  was  made  by  the 
group  reading  the  combination  of  .080"  -  .ISO"  -  .300*, 
having  a  total  loss  of  forty-seven  words  per  ndnute.  A 
lo  > s  of  forty-words  per  minute  was  made  by  the  subjects 
reading  .080"  -  .140*  -  .220**  and  the  group  reading  .090*- 
.140'*-. 300”.  Only  one  subject  in  these  three  groups  had 
an  increase  in  reading  speed,  and  this  amounted  to  only 
thre3  v/ords  per  minute. 


•y*  0,i" 

rJ9-X*Jle  y4  Jfcaaaanaj  ad  *£**  *  n  r  1 

,  ,  r  ,  jr®  ilrft 

%m1uc  Iff*  wi:  »f  't  ifi-  ' * 

*-,.:  trfsdts 

•ia^X*^  edl  *8-f 8f'  •  ‘f 

-■'■  ;  10 

t 

"at  •  McJUr  ill-  >•  *o  s.itwoa  if<  •' '  -'J  :c  ^  * 

V  •  ■  »  m*  ■'  &s  '■■  •?  -f  r  ®"  •'  14  "  *  111 

iImLjm  «di  .*--  -••'  •*■*>”*  ****** 

it<  e  —  jo  vu.  Jot,  ir;  at  X  v  V,  ■  ' -*•>»  <~l*  J~c*v  •  i’-;[°° 
.;•.  X  9wo/;r  ( r-jj»  -.lo  *  at* 21  to  a,*  ■  .*▼  v*a»3t*-'  &  *  /. 

t  ;  ul  X  •  v  .  .1  "  '  it  *  t  WM 

..-  r :/!  .r  ‘  •-  ■  -  -  J  ■'  ■  ••  :  i'X  i 

Sa*  ,v  .•*>.»  *;•• ;  Irtov  wic  X.aen  s\o  a  o  oo  it  MS  zutiuitt 

laifri**  *#*»’,•’« .so  t<:-T  .lH»e«,(i  atti-  frt  :i  iarlo;.  iramd  ‘siaifcri  ^{: 
ofraM  a-  1  to  la^a  to  *t.  Ji--  *J  •._*  e  ■’  to  ool#^ ;  -  -;jt 
.  .vvaV'  ••  '  TO  **;:}■  e.  v*/-, 

«  ’*  'XM'  ov«  &  >w  Aaaca  5**^-»*  al  *i.*e«s«*fc  19.,-^i  #lW 

-  "ost.  ta  mtHatom  *0 

1  .ofsaiK  to  aim  eawra^to*  to  too/ 

•«a*«li*  «#  rrf  •««  w  an  rttf  >  ioI 

-•'XW*  »oli»»ai  qjwtl  add  Lac  *05'  .  „ 

*“•  «m>T.'.  mA  Mall  *1  *•(.«•.  an;,  tft.j  ..nyg^^  , 

,I»o  M  A«4«dw«  »lr>  in  *fca*'n  ;  r -,  _ 

naa^SDot  rm 


*4u,,to  ’*<1  *  »v 


27 


MEAN  READING  RATES  FOR  PARTICULAR  COMBINATIONS 


080—123-163-  080-140-300  090-14(0-163  090-123-300  100-160-220 


32 

36 

30 

29 

34 

50 

49 

61 

59 

75 

68 

69 

76 

36 

88 

134 

121 

106 

122 

-27 

284 

255 

273 

273 

292 

100-140-163 

100-160-163 

090-123-163 

080-140-163 

080-123-220 

42 

29 

24 

69 

72 

59 

51 

62 

63 

63 

86 

38 

76 

65 

62 

112 

_84 

AM 

.76 

no 

299 

252 

276 

273 

307 

080-140-220 

090-160-220 

090-140-300 

080-160-300 

100-123-163 

28 

27 

34 

29 

38 

61 

58 

42 

58 

45 

58 

84 

84 

58 

67 

J& 

123 

JtSL 

ja 

121 

240 

272 

340 

224 

257 

100-160-300 

080-123-300 

100-123-220- 

-090-160-163 

090-140-220 

41 

40 

48 

48 

40 

70 

44 

54 

43 

50 

61 

72 

55 

60 

74 

126 

-2S L 

157 

125 

164 

298 

251 

314 

256 

328 

100-123-300 

090-160-300 

080-160-220 

100-140-300 

080-160-163 

55 

53 

43 

45 

38 

78 

44 

47 

51 

33 

55 

117 

67 

85 

30 

-22 

130 

112 

m 

115 

280 

344 

269 

300 

268 

100-140-220 

C90-123-220 

34 

30 

63 

63 

84 

177 

115 

124 

396 

374 

Table  II.  Individual  scores  and  group  total  for  twenty- 
seven  groups  reading  with  different  combinations  of 
Braille  Specifi cations. 
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Apalygia  of  Variance,  —  Total  Humber  of.  .fords  2ead. 

An  analysis  of  variance^®  was  evade  of  the  total  number 
of  words  read  for  the  two  reading  periods.  The  analysis 
is  based  on  words  j> er  minute.  As  there  was  a  large  within- 
groups  variance,  no  variable  or  interaction  was  found  to 
be  significant.  The  summary  of  the  findings  for  the  total 
number  of  words  read  is  presented  in  Table  III, 


Source 

df 

SS 

MS 

Between  Dots 

2 

1143 

571.50 

Between  Cells 

2 

329 

164.50 

Between  Lines 

2 

1081 

540.50 

Dots  X  Cells 

4 

1446 

361.50 

Dots  X  Lines 

4 

1002 

250.50 

Cells  X  Lines 

4 

949 

237.25 

Dot3  X  Cells  X  -aines 

8 

1244 

155.50 

Within  Groups 

81 

99774 

1231,77 

Total 

107 

106^68 

Table  III,  Summary  of  Analysis  of 
Variance:  Total  Humber  of  ords 


The  within-groups  variance  more  than  doubles  the  amount 
of  variance  contributed  by  any  of  the  spacing  variables. 
Initially  this  large  amount  of  variatien  was  purposely  intro¬ 
duced  in  the  design  as  a  control  factor,  and,  in  addition,  as 
a  basic  criterion  for  the  determination  of  the  significant 
difference  between  the  specific  combinations.  Any  interaction 
that  might  exi3t  between  level  of  reading  rate  and  the  effect 
of  the  combination  of  spacing  values  was  held  constant  for  all 
of  the  combinations  employed.  With  this  design  any  difference 
between  the  group  which  did  not  exceed  the  variance  that 
existed  between  the  individuals  within,  a  group  would  be 
attributed  to  chance. 


36.  2.  F.  Linquist,  Design  and  Analysis  of  Experiments 

in  Psychology  and  Education,  1963, 
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I  lean  Eeadla^  Rates  for  the  I*  lrst  Fifty-IIinute 
Heading  Period.  The  means  for  the  nine  groups  of  four 
subjects  were  combined  as  in  the  analysis  of  the  total 
reading  rates  to  obtain  an  average  reading  rate  for  each 
of  the  specific  values,  She  averages,  based  on  thirty-six 
subjects,  for  each  of  the  nine  spacing  values  are  presented 
in  table  IT, 

The  reading  rate  of  the  standard  dot  spacing  (.090") 
exceeded  the  other  two  spacing  values  by  a  small  amount.  As 
in  the  total  analysis,  there  seems  to  be  little  difference 
bett^een  the  three  means  for  cell  spacing.  The  standard 
s  acing  v ..due  for  distance  between  lines  (, 220 M)  was  read 
faster  than  the  other  two  values,  as  in  the  total  analysis. 
From  this,  it  is  suggested  that  initially  the  standard  values 
of  dot  and  line  spacing  are  superior,  and  there  is  little 
difference  between  the  three  values  of  cell  spacing* 

Analysis  of  Variance*— First  Receding  ;  eriod.  An 
analysis  of  variance  was  made  of  the  reading  speeds  at 
the  end  of  the  first  fifty-minute  period,  with  essentially 
tiie  sane  findings  as  in  the  analysis  of  the  total  reading 
rates.  The  summary  of  the  findings  is  given  in  Table  Y* 
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MLS  BEADING  RATES  WITH  SPECIFIC  VALUES  DURING  THE 

FIRST  P1UHI0D 


DOT  SFACIBG 


Average 


-  080“ 

.090" 

.100“ 

71.5 

63,5 

69.8 

S5.3 

64.5 

73.0 

75.3 

70.0 

60.0 

83.3 

66.8 

58.8 

55.5 

57.8 

75.0 

55.8 

63.3 

71.5 

59.3 

83.8 

62.0 

66.5 

76.8 

72.8 

68.0 

92.5 

71.8 

63.4 

71.3 

68.3 

CELL 

SPACING 

.123* 

^160“__ 

71.5 

65.3 

69.8 

64.5 

66.5 

60.0 

70.0 

73.0 
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75.0 
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62.0 

72.8 
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68.0 

71.1 

69.1 

66.8 
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Average 


i§SL 

.Sag. 

.500-"- 

71.5 

69.8 

65.3 

66,5 

80.3 

64,5 

73.0 

55.5 

57.8 

60.0 

66,8 

55,8 

70.0 

71.3 

75.0 

75,3 

83.8 

59.3 

58.8 

66.5 

62.0 

63.8 

71.8 

76.8 

68.0 

92.5 

72.8 

67.6 

73.2 

65.4 

Table  IV.  Mean  Headings  Rates  for  the  first  reading 
period  of  thirty-six  subjects  for  each  of 
the  spacing  values.  The  first  three  columns 
represent  average  words  per  minute  for  the 
three  dot  spacings,  the  second  three  columns 
are  the  averages  for  cell  spacing  and  the 
third  three  columns  for  line  spacing. 

The  wit bin-groups  variance,  ae  in  the  total  analysis, 
again  doubles  the  variance  for  any  of  the  spacing  variables, 
and  no  significant  differences  were  obtained. 


Source 

df 

SS 
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Between  Dots 

2 
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219.00 

Between  Cells 
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97.50 

Between  Lines 

2 
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586.50 

Dots  X  Cells 

4 
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234.00 

Dots  X  Lines 

4 

1805 

451.25 

Cells  X  Lines 

4 

1687 

421.75 

Dots  X  Cells  X  Lines 

8 

1774 

221.70 

Within  Groups 

81 

92912  .  . 

1147.06  . 

Total 

107 

100880 

Table  V.  Summary  of  Analysis  of 
Variance:  first  Reading  Period, 
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The  analysis  of  the  last  fifty-minute  period  was  made  in 
order  to  determine  any  differences  in  final  reading  speed 
after  practice  with  tine  specific  spacing  values.  The  combined 
averages  for  the  nine  spacing  v&laes  are  presented  in  Table 
71.  These  averages  are  again  based  on  the  thirty-six  subjects 
reading  Braille  with  one  s  -ecific  value,  regardless  of  the 
specifications  of  the  other  two  values. 

MEAN  HEADING  BATES  WITH  SPECIFIC  7ALDSS  DOBING  THE 


SECOND  PERIOD 

DOT  SPACING 
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LIUS  SPACING 

163" 

.330"  . . 

.300" 

71.3 

73.0 

73.8 
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85.5 

65.5 

69.5 

94.3 

77,8 

69.8 

64.3 
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79.3 

55.8 

59.8 

69.5 

76.3 

59.8 

63.5 
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68,0 

76.5 

72.2 

Table  YI.  Mean  reading  rates  for  the  second 
fifty-minute  reading  period  of  thirty-six  subjects 
for  each  of  the  nine  spacing  values.  The  first  three 
columns  represent  the  average  words  per  minute  for 
the  three  dct  spacings,  the  second  three  columns  are 
the  averages  for  cell  spacing  and  the  third  three 
columns  for  line  spacing. 

The  subjects  reading  with  the  spacing  of  .100” 
between  dots  gained  an  average  cf  eight  words  per 
minute  over  their  rate  during  the  first  reading  period. 


An  increase  in  reading  rate  was  also  obtained  with  the 
standard  dot  spacing  (.090"),  yet  it  was  slightly 
inferior  to  the  larger  dot  spacing  during  the  second 
reading  period. 

The  smallest  cell  spacing  (.123")  was  read  more 
rapidly  than  the  o timer  two  values,  and  the  standard 
distance  between  lines  was  again  read  at  a  higher  s]?eed. 
After  practice  with  the  material,  those  combinations  with 
. 100 " - . 1 23A- . 2 20 "  in  them  were  read  more  rapidly  than  any 


of  the  other  values. 
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Analysis  of  Variance — Second  Heading  Period. 

A  separate  analysis  of  variance  was  made  of  the  reading 
rate  for  the  last  fifty-minute  period,  again,  the  results 
v/ere  essentially  the  same  as  in  the  first  tv/o  analyses* 
However,  the  amount  of  variance  contributed  by  the  spacing 
be  Ween  dots  nearly  equals  that  of  the  within  groups.  She 
summary  table  for  this  analysis  is  given  in  Table  VII* 


SOURCE 

df 

S3 

IIS 

Between  Dots 

2 

2375 

1187.50 

Between  Cells 

2 

548 

274,00 

Between  Lines 

2 

1317 

658.50 

Dots  X  Cells 

4 

319 

79.75 

Dots  X  Lines 

4 

1003 

250.75 

Cells  X  Lines 

4 

597 

149.25 

Dots  X  Cells  X  Lines 

8 

2775 

346.87 

Within  Groups 

...  81., . 

115427  . 

1425.02 

Total 

107 

124361 

Table  VII.  Summary  of  Analysis  of 
Variance:  Second  Reading  Period 

Reading  Rate  at  Successive  Intervals.  In  order  to 

detect  differences  in  reading  rate  as  a  function  of  practice 

with  any  particular  combination,  the  total  reading  tine  of 

one-hundred  minutes  wa.s  separated  into  four  reading  periods, 

the  first  an.  second  twenty-five  minutes  for  the  two  days. 

The  average  words  per  minute  read  by  each  subject  for  the 

twenty-seven  combinations  was  computed  for  the  four  sriocs. 

However,  the  reading  rates  for  the  four  subjects  reading  a 

particular  combination  varied  to  3uch  an  extent  that  it  was 

necessary  to  present  the  data  in  3one  other  manner.  It 

seamed  more  meaningful  to  ..resent  the  data  in  terms  of  the 

amount  of  deviation  of  each  individual's  reading  rate  from 
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his  average  reading  rate  for  each  of  the  four  intervals. 

Thus,  all  individual  scores  have  a  conaon  basis  of  com- 
parison  with  less  variation  between  the  scores.  The  average 
reading  rate  for  the  group  is  also  given  as  the  average 
deviation  of  the  rates  for  the  four  subjects  at  each  of  the 
four  reading  periods.  The  curves  obtained  for  each  Individual 
and  the  group  averages  are  shown  in  Figures  2-28.  The  dotted 
lines  on  these  curves  represent  each  individual’s  deviation 
from  his  own  overall  mean  reading  rate  at  successive  twenty- 
five  minute  reading  periods.  Thus,  zero  on  tbs  ordinate 
represents  each  subject’s  overall  mean  reading  rate.  The 
solid  lines  indicate  the  group  averages. 

There  is  considerable  variability  within  subjects  and 
between  subjects  for  any  particular  s  acing  combination* 

The  curve  for  the  mean  reading  performance  for  each  com¬ 
bination  reflects  this  variability.  The  trends  can  be 
seen  more  clearly  if  the  spacing  variables  are  plotted 
independently.  Thus,  the  performance  on  successive  twenty- 
five  minute  reading  periods  for  all  subjects  who  read  com¬ 
binations  which  included  the. 080”  dot  spacirg  are  plotted 
regardless  of  the  values  of  the  other  variables.  This  was 
done  for  each  of  the  nine  values,  three  for  each  s  acing 
variable.  The  average  number  of  words  per  minute  obtained 
at  successive  twenty-five  minute  periods  for  each  of  the 
values  of  spacing  between  dots,  cells,  and  lines  is  shown 
in  Figures  29,  .30,  and  31  respectively.  The  points  on  the 
curves  are  ns.de  up  of  nine  group  means  consisting  of  four 
subjects,  or  a  total  of  thirty-siz  subjects.  In  general, 
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See  preceding  page  for  explanation  of  Figs 
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Fig.  12.  o0?0"  -  .160"  -  .163"  Fig.  13*  .090"  -  .11*0"  -  .220" 


Fig.  16.  o090"  -  .11*0"  -  .163"  Fig.  17.  .090"  -  .123"  -  .300" 


,100"  -  .160"  -  .163"  Fig.  21.  .090"  -  0123"  -  0163" 


Fig.  2 It.  .080”  -  .160"  -  .220"  Figc  25.  .100”  -  .liO"  -  .300" 


Figure  28.  .090"  -  0123"  -  .220“ 
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the  curves  seem  to  rise  with  continued  practice  with  the 
material,  showing  a  slight  decrease  in  reading  rate  during 

•V  .  . 

the  second  twenty-five  minutes  of  each  reading  period. 

Differences  between  the  spacing  values  are  more  obvious 

when  the  data  are  plotted  in  group  means,  removing  the 

37 

emphasis  on  individual  variability.  Tests  for  trend 
were  made  on  each  of  the  spacing  variables. 

pot,  Spacjngj,  Material 

printed  with  each  of  the  three  values  of  spacing  between 
dots  was  read  by  thirty-sis  subjects.  The  overage  number 
of  words  per  minuto  read  for  each  of  those  values  at  the 
different  re  ding  periods  is  shown  in  Figure  29. 

The  curve  for  the  smallest  spacing  between  dots 
(.080*)  falls  below  the  curves  for  the  other  two  values 
throughout  the  re  ding  periods.  The  subjects  reading 
with  the  largest  spacing  between  dots  (.100w)  initially 
fall  below  those  reading  the  standard  spacing  value,  but 
exceed  them  five  words  per  minute  on  the  second  day. 

A  test  for  trend  y&s  made  on  these  three  values  of 
dot  spacing  for  the  four  reading  periods.  The  F  obtained 
between  the  slopes  of  the  ciirves  for  the  three  spacing  values 
is  significant  at  the  .001  level.  The  curves  in  Figure  29 
suggest  that  this  difference  is  between  the  spacing  value 
of  ,080M  and  either  of  the  other  two  values. 


37.  H.  W.  Alexander,  “A  General  Test  for  Trend11, 
Psychological  Bulletin.  1946,  P.  533-557. 
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Figure  29.  Average  number  of  words  per  minute  at 
successive  reading  periods  with  three  values  of  spacing 
between  dots. 
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The  Alexander  trend  analysis  provides  several  kinds 
of  comparisons.  For  our  purposes  the  two  most  important 
compar i sons  are  of  the  overall  slopes  of  the  curves  and 
comparisons  of  the  levels  of  the  curves.  She  former  tells 
us  whether  the  curves  tend  to  have  the  same  curvature  or 
direction  and  the  latter  tells  us  whether  or  not  the  reading 
rates  are  different  for  the  different  values.  The  difference 
in  levels  is  often  referred  to  in  the  discussion  as  the 
difference  in  grouu  gleans.  The  previous  analysis  provided 
a  different  and  less  sensitive  method  of  analyzing  differences 
in  group  me-ns. 

The  sources  of  variation  in  the  analysis  and  the  obtained 
F.  values  are  given  in  Table  VIII.  The  error  tern  used  in  the 
analysis  was  "individual  deviations  from  estimation".  As 
"group  deviations  from  estimation  is  not  significantly  greater 
than  error,  there  is  no  systematic  deviation  from  linearity 
in  the  sub-grou  s.  However,  there  is  a  significant  tread  in 
the  "overall  deviation."  The  F  obtained  "between  individual 
slopes"  (Figs,  3-28)  is  greater  than  is  to  be  expected  by 
chance,  indicating  that  the  slopes  between  the  individuals 
within  a  group  are  significantly  different.  The  F  obtained 
for  "between  group  means"  for  reading  rate  is  significant 
at  the  ,001  level.  The  different  levels  of  the  curves  in 
Figure  29  would  again  indicate  a  difference  between  the 
smallest  spacing  (.080")  and  the  other  two  values. 
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Source 

df 

SS 

MS 

y 

Individual  Deviations 

48 

6653 

138.60 

from  Estimation 

Group  Deviations  from 

4 

76 

19.00 

Estimation 

Overall  Deviations  from 

2 

1830 

915.00 

6.6 

Linearity 

Between  Individual  Slopes 

24 

13121 

546,71 

3.9 

Between  Group  Slopes 

2 

5798 

2899.00 

20.9 

Overall  Slope 

1 

7384 

7384.00 

53.2 

Between  Individual  Means 

24 

103585 

4316.04 

31.1 

Between  Group  Means 

2 

20336 

10168.00 

73.4 

Table  VIII.  Summary  o 

f  Test 

for  Trend  — 

Between 

Dot  Spacing* . 

Analysis  of  Variance  - 

-  Between  Dot  3oacingsr  Two  factor 

analyses  of  Variance  were  made  "between  ,080”  spacing  "between 


dots  and.  each  of  the  larger  values.  These  analyses  were  aade 
of  the  difference  between  the  means  at  the  successive  reading 
periods.  A  distance  of  ,080w  between  the  dotB  was  found  to 
be  read  at  a  significantly  lower  rate  than  either  of  the  larger 
spacing®.  The  summary  of  the  analysis  between  ,080*  and  ,090” 
is  given  below  in  Table  XX,  The  obtained  I  Z  10.40  is  significant 
at  the  ,005  level. 


Source 


df  SS  MS  I 


Values 

Intervals 

Values  X  Intervals 
(Cells) 

Within  Cells 


Total 


1  16775 

3  2273 
3  1447 
(7)  (30495) 
64  103276 


71  123771 


16775.00  10.40** 

757.66 
432.33 

1613. 69 


**P  =  .005 


Table  IX.  Analysis  of  Variance  Between  .08CB 
and  .090*  Distance  Between  Dots. 
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The  two  faator  analysis  of  variance  between  .080* 
and  .100*  dot  gave  a  F  of  18.48  which  is  significant 
at  the  .001  level.  The  summary  for  this  analysis  is 
given  in  Table,  X. 


Source 

df 

SB 

MS 

7 

Values 

1 

13558 

13558.00 

18*48** 

Intervale 

3 

5958 

1986.00 

Values  X  Intervals 

3 

5820 

1940*00 

(Celle) 

(?) 

(25336) 

Vi thin  Cells 

84 

4  SO  60 

773*75 

Vt  4 

Table  X.  Analysis  of  Variance  Between 
.080 *  and  .100*  Distance  3etween  Dots. 


The  variance  due  to  the  twenty-five  minute  reading 
intervals,  or  due  to  the  interaction  of  the  different  values 
at  the  four  intervals,  was  found  to  be  no  greater  than  chance 
in  each  of  the  analyses.  From  this  it  appears  that  the 
differences  between  the  slopes  of  the  curves  that  were  found 
to  be  significant  in  the  test  for  trend  are  apparently  between 
the  combination  of  the  three  curves  and  not  between  ,080*  and  either 
of  the  other  values  as  is  suggested  by  inspection  of  the  curves 
alone. 

Test  for  Trend  --  Between  Cell  Snaclrurs.  The  average 
number  of  words  per  minute  read  by  each  of  the  groups  reading 
material  with  the  different  spacing  values  for  Braille  cells 
is  shown  in  Figure  30* 

The  smallest  value  of  spacing  between  cells  (.123*) 
maintained  the  highest  reading  rate  for  all  the  reading  periods. 

The  standard  spacing  value.  (.160"),  which  is  the  largest  value 

in  the  study,  was  read  at  tl.e  lowest  rate  for  the  first  three 
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Figure  30.  Average  number  of  words  per  minute  at 
successive  reading  periods  with  three  values  of  spacing 
between  cells. 
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reading  periods,  out  slightly  exceeded  the  middle  value 

during  the  fourth  reading  period. 

Alexander's  test  for  trend  was  also  made  for  the 
different  values  of  cell  spacing.  A  summary  of  the 
analysis  is  given  in  [Cable  XI. 


Source 

df 

SS 

MS 

I 

I ndivi dual  Devi ati one 

48 

8296 

131.16 

from  Estimation 

Croup  Deviations  from 

4 

433 

108*25 

Estimations 

Overall  Deviations  from 

2 

1830 

915.00 

6.97** 

Linearity 

Between  Individual  Slopes 

24 

laioo 

754.37 

5.8  • 

Between  Group  Slopes 

2 

814 

407. GO 

3.1  * 

Overall  Slope 

1 

7384 

7384.00 

56.3  * 

Between  Individual  I leans 

24 

116631 

*'859.62 

37.1  * 

Between  Group  Keane 

fi 

7290 

3645.00 

27.8  * 

*P  m  .001 

»*p  s 

.005 

Sable  XI.  Sunnary  of  Test  for  Tren£U-?.etve3n  Cell  Spaeings. 


The  error  terra  used  in  the  analysis  v&s  "individual 
deviations  from  estimation."  The  obtained  F  -  3.1  between, 

the  slopes  of  the  curves  exceeds  chance  differences. 

The  slopes  of  the  curves  in  Fig  30  appear  to  be 
remarkably  alike  except  for  the  drop  in  the  last  rending 
period  for  those  who  read  Braille  which  had  a  cell  spacing 
qJ?  .140rt.  This  apparently  accounts  for  the  significant  difference 
in  slopes.  "Between  Group  Means"  obtained  a  significant  3?  in 
the  analysis,  indicatin'  a  difference  between  the  levels  of  the 
eorve*.  In  this  Instance,  It  is  not  so  obvious  from  an 
inspection  of  the  curves  in  Hgurd  30  just  where  this 
difference  is  to  he  found. 
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AfigJjggi.s.  of  .Variance — Between  Pell  Cuacin^a. 
Separate  two  factor  analysis  of  variance  were  made  of 
.123H  distance  between  cells  and  each  of  the  larger 
values  oi  between  cells  spacing.  The  summary  of  the 

M 

analysis  between  .123  and  *140H  s  acings  is  presented 
in  Table  XII*  The  obtained  ?  of  2.76  shows  o  ly  chance 
differences  between  the  values. 


Source 

df 

SS 

MS 

y 

Values 

1 

3960 

3960.00 

2.' 

Intervals 

3 

46X9 

1506.33 

l.< 

Values  X  Intervals 

3 

519 

173.00 

(Cells) 

(7) 

(8998) 

Within  Cells 

64 

91338 

1434.97 

Total 

71 

100836 

Table  XII.  Analysis  of  Variance  Between 

.123”  and  .140" 

Distance  Between  Cells. 

The  P  -  4.10  obtained  between  the  values  of  .123- 

and 

.160"  indicates  beyond  chance 

differences 

at  the  .05  level.  ' 

The  summary  of  this 

analysis  is  given  in 

Table  XIII. 

Source 

df 

SS 

KS 

P 

Values 

1 

6763 

6763.00 

4.10 

Intervals 

3 

7827 

2609.00 

1.58 

Values  X  Intervals 

3 

202 

(Cells) 

(7) 

(14792) 

Within  Cells 

64 

105474 

1648.03 

Total 

71 

120266 

Table  XIII*  Analysis  of  Variance  Between 
Tl33w  and  .160*  Distance  Between  Colls. 
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Apparently  the  significant  difference  that  was 
obtained  beti/sen  the  means  in  the  t  ©ct  for  t  rend  is 
a  difference  between  the  smallest  spacing  and  the  larger 
spacing  between  cells. 

Test  for  Trend— Between  Line  Swucingg.  The  average 
number  of  words  per  minute  at  the  four  successive  tine 
intervals  for  the  three  values  of  line  spacing  is  shown 
in  Figure  31. 

A  spacing  between  lines  of  .220 11  maintains  a  hi  jh 
reading  rate  throughout  the  four  reading  periods.  The 
two  extreme  values  of  .300“  nd  .163“  ere  re  a  approximately 
seven  words  per  minute  less  than  the  midiile  value  of  line 
spacing.  The  curve  for  the  larger  line  spacing  (.300") 
does  rise  during  the  second  day,  suggesting  the  possibility 
that  reading  rate  increases  with  greater  familiarity. 

Alexander* s  test  fox'  trend  was  also  made  for  the 
three  values  of  spacing  between  lines.  The  summary 
for  this  analysis  is  given  in  Table  XI Y. 
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Source 

df 

S3 

MS 

F 

Individual  Deviations 

48 

6354 

132.37 

from  Sstim  .tlon 

Group  Deviations  from 

4 

375 

33.75 

Sstimation 

Overall  Deviations  from 

2 

1830 

915.00 

6.9** 

Linearity 

Between  Individual  Slopes 

24 

17706 

737.75 

5.6* 

Between  Group  Slopes 

2 

1213 

606.50 

4.6*** 

Overall  Slopes 

1 

7384 

7384.00 

55.8* 

Between  Individual  Means 

24 

3417 

142.37 

1.1 

Between  Group  Means 

2 

20504 

10252.00 

77.5* 

-  .001,  **p:  .005, 

***P  -  .05 

Table  XIV.  Summary  of  Test  for  Trend — Between 
Line  Spacings. 


With  ’’individual  deviations  from  estim  tion"  again 
employed  as  the  error  terra  in  the  analysis,  the  F  indie  ted 
greater  than  chance  differences  in  slope..  Tims,  there  is 
a  difference  between  the  sloes  of  the  three  values  of  line 
spacing.  The  difference  obtained  "between  group  means"  is 
gre  ter  than  is  to  be  expected  by  chance.  The  difference 
between  the  levels  of  the  curves  is  apparently  between 
the  standard  value  of  distance  between  lines  and  cither 
of  the  other  two  values. 

Analysis  of  Variance— between  Line  Spacing,. 

When  a  two  factor  analysis  of  variance  was  made  between 
,220"  and  the  snal  est  spacing  between  lines  (.163") 
at  the  successive  reading  nerlods,  a  F  value  greater 
tiian  is  expected  by  chance  is  obtained.  The  analysis 
between  .220"  and  .300*  spacings  between  lines  also 
revealed  significant  differences.  Thus,  the  difference 

between  the  curves  for  .220"  and  .300"  in  Figure  31  is 
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greater  than  is  to  be  expected  by  chance,  A  sum  ary  of 
the  analysis  between  .220"  and  .163"  spacing*  between 
Braille  lines  is  given  in  Table  XV.  The  obtained  P  -  14.31 

is  significant  at  the  .01  level. 


Source 

df 

SS 

MS 

P 

Values 

1 

17360 

17360 

14*31* 

Intervals 

3 

3639 

1213 

1.0 

V  lues  X  Intervals 

3 

342 

114 

(Cells) 

(7) 

(21341) 

Within  Cells 

64 

77343 

1213 

Total 

\ 

71 

S9934 

• 

*d 

1 1 

.001 

Table  XV.  Analysis  of  Variance  Between 

.220"  and  .163" 

Distance  Between  Lines 

Table  XVI  gives 

a  summary 

of  the  analysis 

made  of 

.220"  and  .300"  values,  vdth  the  P  -  7.35  being  significant 

at  the  .01  level. 

Source 

df 

SB 

MS 

P 

Values 

1 

13095 

13095.00 

7.35* 

Intervals 

3 

8924 

3974.66 

1.67 

Values  X  Intervals 

3 

736 

245.30 

(Cells) 

(7) 

(22755) 

Within  Cells 

64 

113927 

1780.10 

Total 

71 

136682 

*P  =  .01 

Table  XVI.  Analysis  of  Variance  Between 
.200*  and  .300"  Distance  3etv;een  Lines 

AiDparently  a  distance  of  .220**  between  Br.ille  lines 

permits  greater  readability  titan  a  syiacing  of  .  1631'  or  .30i". 
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Figure  31.  Average  number  of  wards  per  minute  at 
successive  reading  periods  with  three  values  of  spacing 
between  lines. 
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SUMHAHT  0?  RESULTS  OP  FIRST  IITITSSTIGATIOII 

Au  analysis  of  variance  shoved  that  the  differences 
■between  txie  means  of  the  twenty-seven  combinations  and 
of  the  means  of  the  nine  values  of  spacing  variables 
were  attributable  to  chance. 

This  analysis  was  also  made  upon  the  scores  for  the 
first  fifty-minute  reading  period  and  the  second  fifty- 
sinnte  period  to  determine  initial  or  final  differences 
between  the  combinations.  There  were  only  chance  differences 
between  the  means  at  each  of  the  reading  periods. 

The  words  per  minute  were  computed  at  successive 
twenty-five  minute  periods  for  each  of  the  twenty-seven 
combinations  to  detect  any  differences  in  trend  for  the 
nine  different  values.  Alexander's  test  for  trend  v/as 
made  separately  on  the  three  values  cf  each  of  the  spacing 
variables.  There  were  differences  in  slope  between  the 
three  values  of  dot  spacing,  the  three  values  of  line 
spacing,  and  the  three  values  of  cell  spacing.  These 
differences  are  apparently  attributable  to  the  smaller  dot 
spacing,  and  the  middle  values  of  cell  spacing  and  line 
spacing.  The  reading  rate  for  the  smallest  dot  spacing 
value  (.080")  slightly  decreases  during  successive  periods, 
where  as  the  reading  rates  for  the  larger  values  (.090"  and 
. 100H )  increase  with  continued  practice. 

The  curves  for  the  three  values  of  line  spacing  at  the 
different  intervals  suggest  a  difference  in  slope  between 
the  iiiddle  value  of  line  spacing  (.230*)  and  each  of  the 
other  two  values.  Ihe  subjects  reading  material  with  the 


awMJisesr'H  wtf*  v  eMin.*  M  *A  •-* 


.  4' m  -  «i£#  ‘jmrt+i 

imm  Ouolt*  el&v**>  at  -  W  ^  **  ■ 

.h«r  36®  m~sv  ft  '*-■ 

.*«*»  9*  *********  '*** 

wit  lot  90tCO<i  *’i  •**"  00“  as*  •«*®*A*0 

v^n  baoom  oAt  Am  Itolioq  A»ik***  o4  uata^ttit  tortt 
MMU»"«tt  tJb  Xarn  *0  ot 

. 

oenottiA  miMMfr  \Iilo  •iftw  o*socfi?  .tnoltefllrfaoo  ■ At  mm/** 
.okotma  tnAAeo?  «W  lo  *&  KHw  •**  MMftM 

CV[8B  -AO/,  l  i«  *  t>  I*  **<S  <J‘r!CJV  6  “ 

I'.t-  W.i;  -Vs. tf  9'  -1  .T  1  ■  O-'f-  "•  0  j.  »i.u  ■  •■  "*  -  v 

o:  t  ?  •*  .i  vtii>  #0*#e  .  otf  *  <•-  '  *’°3 

.  .-••  .*  •  :>;:•  1  •  .•  :  .  9.U  .•-•'•■•  "••  •  •  •  1*  • 

yito  a  W  ia  :  •  -ft  ?  »o/iI*v  8?'.7i  «di  uo  \lo3tr q*<s  j.  * 
gH  mipwOff  *q«Xa  ill  atwrus; ~Jt±>  ewv  eierfff  .aftXc.  > 
a  .!£  V  ?<w£»  ’  oor-  i  <- .'.?  b  froX>  lc  e<,  'X  T  -eiac 

*e«d?  .|a^c  L'«s  lo  <?..  .  Mi  baa 

5  of-  ‘itfllts.m  or«l  eloY*.  tf  t  \IfrMSw  '5  #n»  *r  >/isi*  liis 
«  l*I  ;>  t  in  ai  *  XLoo  lo  »•"  r  */  A/,  odi  i..ui  ,®ai'..»  j 
aumwiM  to*  *90 1  lam  9fiS  rot  •J'-rr  %c  i^#-r  <%c 

*.  3  i  .  \c-  »  (  .)  *.ri  •.* 

Am  *090.)  oobLat  *a£  eu-^r  *aX£iw  to  troth/ 

•  <*'  ‘5  ■'  •  ■>•  ’•  >  .  :  Xv  £,.  'ft  Oil  irtvK. 

It  iflloj-  3  -  '  X  "50  X:  t  s  •:  t  ,tt  1  ot.  r  r>  n- 

.vrowJoft  «qoi»  cl  ot>*urt*^  b  t  ta&'Wi  a  g '  7  «7itl  tre^Xth 

Pll  lo  iiM  Am  C’JS^.)  lulOM^a  Hi  a^XM  •XSAAa  «d^ 


46 


extreme  values  of  line  spacing  showed  a  slight  decrease 
in  reading  rate  during  the  first  period  and  a  slight 
increase  during  the  second  period,  whereas  the  subjects* 
reading  material  with  .220”  spacing  did  not  change  in 
reading  rate  during  either  period.  All  values  showed 
an  increase  in  reading  speed  on  the  second  day. 

In  each  of  the  tests  for  trend  for  the  three  spacing 
variables,  the  differences  between  the  group  means  were  found 
to  be  significant  at  the  .001”  level. 

The  factor  analyses  of  variance  were  made  to  determine 
which  of  the  values  within  each  of  the  three  spacing  variables 
were  significantly  different.  Significant  differences  were 
found  between  .080"  and  each  of  the  other  two  values  of 
dot  spacing,  and  between  .220”  and  each  of  the  extreme 
distances  between  lines.  There  was  also  a  greater  than 
chance  difference  between  a  cell  spacing  of  .123”  and  .160”. 

No  significant  difference  was  found  between  .123”  and  .140” 
spacings. 
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IHT2HPHEIAJI0JJS  ARQ  CONCLUSIONS  OF  FIRST  INVESTIGATION 

Evan  though  the  overall  analysis  of  variance  showed 
that  the  particular  combinations  used  in  the  experiment 
were  similar  in  their  effect,  specific  values  within  each 
of  t.'ie  spacing  variables  we  re  found  to  be  read  at  a  higher 

v 

rate.  The  tests  for  trend  indicated  that  there  were 
significant  differences  between  values  for  each  of  the 
spacing  variables.  That  extra-chance  differences  were 
found  for  each  of  the  variables  in  the  three  tests  is 
sufficient  evidence  to  support  the  conclusion  that  some 
of  the  values  permit  greater  readability.  However,  the 
conflicting  results  for  the  two  types  of  analyses  remain 
to  be  explained. 

The  error  tern  employed  in  the  analysis  of  v.-riance 
to  test  the  signif  canoe  of  the  mean.  squares  obtained  by 
each  of  the  spacing  variables  was  "vithln  groups”  mean 
square.  That  is  the  amount  of  variance  contributed  by  the 
differences  between  the  four  individuals  reading  any 
specific  combination.  It  is  to  be  remembered  that  the 
four  individuals  within  any  one  group  were  selected  from 
different  quartiles  of  the  distribution  for  reading  rates. 
Therefore,  this  error  term  was  large  and  the  differences 
bet v/ean  the  values  of  any  specific  spacing  variable  would 
have  had  to  be  very  large  to  have  reached  a  significant 
level. 

The  tests  for  trend  employed  the  differences  in 
reading  rates  for  the  values  at  successive  twenty-five 
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minute  rending  periods.  The  error  tern  used  vas 
n individual  deviations  from  estim  tlonM,  which,  in 
this  anal  sis,  is  the  variation  "between  individuals 
within  a  group  around  the  values  which  would  have  been 
obtained  if  there  were  onl  chance  differences.  These 
analyses  employ  tbs  total  number  of  words  read  by  the 
twenty- seven  different  groups  at  successive  intervals. 

The  error  term,  then,  consisted  of  group  variations  t 
successive  intervals  instead  of  individual  variations  within 
a  group,  which  is  smaller  than  the  error  term  employed  in 
the  analysis  of  variance.  Thus,  the  test  for  trend 
would  be  more  sensitive  to  smaller  differences  between 
the  spacing  variables. 

The  error  term  employed  for  the  two  factor  analyses 
of  variance  was  also  the  variation  of  the  groups  at 
successive  reading  intervals.  Therefore,  significance 
would  be  attributed  to  smaller  differences  than  in  the 
three  factor  analyses. 

The  following  conclusions  are  made  on  the  basis  of 
the  results  obt  ined  employing  the  s  taller  error  term, 
that  is,  differences  between  the  groups  reading  material 
with  one  specific  value  of  each  of  the  spacing  variables. 

The  three  variables,  spacing  between  dots  within  Braille 
cells,  spacing  between  cells,  and  spacing  between  lines 
will  be  discussed  separately. 

Of  the  three  Tallies  of  spacing  between  dots  .080", 

,090H,  and  #100n,  employed  in  the  investigation,  the 
smallest  distance  (.080n)  is  obviously  least  readable. 
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It  is  more  &..fiicult  to  distinguish  between  the  effects 
oi  the  two  lar  per  v  alues.  In  spite  of  the  fact  that 
there  is  only  a  slight  difference  in  the  mean  reading 
rates  obtained  for  these  values*  there  is  dissimilarity 
in  the  rates  at  successive  reading  periods.  Initially  the 
standard  value,  .090*,  is  read  at  a  higher  rate.  However, 
in  the  final  stages  of  the  reading  period,  .100”  distance 
between  dots  is  superior.  Ho  definite  decision  concerning 
these  two  values  can  be  made  without  additional  research. 

It  seems  that  a  spacing  of  .100”  between  dots  may  be  the 
most  desirable,  if  the  blind  readers  were  accustomed  to 
this  spacing.  However,  the  safest  conclusion  to  be  lade 
at  this  time  is  that  a  dot  spacing  of  .09G“  or  .100”  permits 
greater  readability  than  the  smaller  value,  .080”. 

Differences  greater  than  chance  were  obtained  in  the 
overall  analysis  of  the  data  for  the  three  cell  spacing 
values. 

From  the  graph  (Figure  30)  it  appears  that  the  smallest 
distance  between  Braille  cells  (.1,03”)  is  more  readable  than 
.140*  or  .160”,  However,  the  difference  between  .123*  and 
.140”  is  not  large  enough  for  significance.  She  dif  ference 
between  .123*  and  .160”  distance  between  Braille  cells  is 
statistically  significant. 

She  present  specification  of  distance  between  Braille 
lines  (.220*)  was  read  at  a  significantly  greater  rate  than 
either  of  the  two  extreme  values  employed  in  the  experiment 
(.163*  and  .300*).  During  the  final  reading  period  there 
was  an  increase  in  rate  for  the  subjects  reading  material 
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with  ,o00H  spacing  between  lines*  This  could  Te  only 
random  fluctuation,  or  it  night  be  suggestive  of  increased 
re<--.daoility  with  further  practice  wi th  this  larger  distance 
between  lines.  However,  this  cannot  be  determined  on  the 
basis  of  the  data  fron  this  investigation  alone. 

Fron  this,  it  seems  that  the  standard  distances  or  a 
larger  distance  between  dots,  a  smaller  distance  between 
cells,  and  the  standard  distance  between  lines  for  Braille 
print  would  achieve  the  highest  reading  rate. 

3van  though  these  values  separately  obtained  higher 
reading  rates,  it  is  very  possible  that  the  combinations 
of  the  three  values  might  be  less  readable.  The  four  subjects 
reading  material  with  the  combination  of  .100f,-.123n-.220w 
gained  a  total  of  thirty- four  words  per  minute  as  compared 
to  their  reading  rate  with  standard  values  cf  spacing.  The 
four  subjects  reading  with  the  combination  of  .090M-.l:  v3M-.300B 
gained  sixty-four  words  per  minute  over  their  reading  rate 
with  standard  Braille  specifications.  However,  no  conclusion 
as  to  the  re 'liability  of  these  combined  values  could  be 
cade  only  on  the  basis  of  so  few  subjects. 

It  must  also  be  remembered  that  this  experiment  has 
employed  throe  specific  values  of  each  of  the  spacing 
variables.  It  is  very  possible  that  a  valine  between  the 
selected  dimensions  might  be  most  desirable.  Further  research 
on  values  between  .090”  and  ,100H  spacing  between  dots, 
employing  a  longer  reading  period  seems  necessary  to  distinguish 
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Burklen0®  suggested  that  the  most  desirable  spacing  for 
dots  was  a  value  between  2  and  3  mm.  Prom  the  results 
of  the  present  experiment,  the  lov/er  Unit,  2m.,  or 
.079”,  would  apparently  need  to  be  raised  as  ,080H 
was  less  readable  than  the  larger  values. 

It  is  also  possible  that  a  distance  smaller  than 
.123'’  between  Braille  cells,  and  a  vfclue  slightly 
larger  or  smaller  than  .220"  betveen  lines  would  permit 
faster  reading  by  blind  readers. 


38.  Karl  Buxklen,  Touch  Heading  of  the  , Blind,  1933, 
?.  52 
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SUMMARY  OF  THS  FIRST  IHYS5IIGA.TI0H 

Three  values  oi  spacing  between  dots  within  Braille 
cells,  .080”,  .090",  .100B,  three  values  of  spacing  between 
cexla,  .123",  •1'K)1’,  .ISO",  and  three  value*  of  spacing 
bet’.^een  Braille  lines,  .163",  ,220M,  .300",  were  read  in 
all  possible  combinations  to  determine  the  most  desirable 
specifications  for  3raills  print.  A  total  of  108  blind 
subjects  was  employed,  each  combination  of  values  was 
read  by  four  subjects  and  any  one  value  was  read  by 
thirty-six  subjects. 

Reading  rates  were  computed  for  all  subjects  reading 
for  thirty-minutes  with  standard  Braille  specifications 
from  a  novel  readable  at  fifth  grade  level.  Material 
from  the  same  novel  was  printed  in  the  twenty-seven 
different  combinations  of  values  and  was  read  by  groups 
with  similar  reading  rates. 

An  analysis  of  variance  was  made  of  the  total  number 
of  words  read  by  the  groups  in  two  fifty-minute  periods, 
and  of  the  number  of  words  read  for  each  of  the  fifty- 
minute  periods  separately.  These  analyses  indicated  that 
the  .articular  combinations  were  similar  in  effect. 

Tests  for  trend  were  made  between  the  values  of 
each  of  the  three  spacing  variables  separately*  indicating 
difference  between  the  means  of  the  values  for  each  of  the 


variables. 
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3vo  factor  analyses  of  variance  were  nade  of  the 
reading  rates  at  four  successive  reading  intervals  with 

two  values  of  each  of  the  spacing  variables.  Differences 

s 

•*» 

were  found  between  .080"  and  each  of  the  other  two  values 
of  dot  spacing,  between  .123"  and  .160"  spacing  between 
cells,  and  between  .230"  and  each  of  the  9xtrene  distances 
between  lines. 

A  spacing  con'oi  nation  of  .100"  or  .090"  between  dots 
within  a  Braille  cell,  .123,  or  .140"  between  cells,  and 
.220"  between  lines  is  suggested  as  the  most  desirable 
specification  for  Braille  print. 
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PKOglXJKS  POE  TH3  SECOHD  IH73STIGATI0H 

A  similar  investigation  was  done  with  adults.  The 
subjects  v/ere  volunteers  from  Hew  York  City;  Louisville, 
Kentucky;  Indianapolis,  Indiana;  Nashville,  Tennessee; 
Jacksonville,  Illinois;  Columbus,  Ohio;  and  St.  Louis, 
Missouri. 

.•  ■ 

They  read  the  same  material  as  the  children.  This 
was  true  for  both  the  equating  and  experimental  Braille. 

The  instructions  v/ere  essentially  the  sane  in  both  instances; 
and  the  questions  asked  the  subjects  at  the  end  of  the 
equating  and  experimental  readings  were  identical*  Also, 
the  criteria  for  the  number  of  the  comprehension  questions 
answered  correctly  in  order  for  subjects  to  be  included 
in  the  study  remained  the  same. 

One  hundred  and  sixty-seven  adults  read  equating 
material.  Their  average  reading  speed  was  91.69  words 
;er  minute  (Appendix  71).  This  is  considerably  faster 
than  the  reading  speed  of  the  children  (68.0  words  per 
minute).  Hov/ever,  a  disproportionate  number  of  adult 
readers  v/ere  teachers  in  schools  for  the  blind.  A  more 
representative  sample  of  adult  blind  readers  may  avercgs 
less  than  91.69  words  per  minute,  nevertheless  a  wide 
range  of  reading  speed  is  included  in  the  sa:-ple  of 
subjects  \/ho  re  d  the  equating  material.  The  words  per 
minute  range  from  3.0  to  19.) *0.  (-»  endix  71 ) > 

As  in  the  previous  investigation  the  equating  scores 
were  arranged  in  qaar tiles  and  for  each  of  the  twenty- 
seven  combinations,  four  readers  v/ere  selected,  one  from 
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each,  quartile.  Hovever,  because  of  the  fever  number  of 
available  subjects  it  was  impossible  to  exactly  equate  each 
group  of  four  reader  for  their  reading  speed.  Instead 
readers  from  each  ouartile  were  selected  from  a  table  of 
random  numbers,  However,  all  of  the  twenty-six  subjects 
from  ?Tev  York  City  were  used  for  the  experimental  study, 
since  the  equating  and  experimental  readings  were 
accompli shed  in  one  visit  to  that  city.  Also,  many 
of  the  subjects  from  other  cities  who  were  originally 
selected  randomly  were  not  available  for  the  experimented 
reading  and  substitute  subjects  had  to  be  selected  from 
the  pool  of  subjects  who  read  the  equating  material. 

With  the  exception  of  Kew  York,  each  city  was  visited 
at  least  twice  after  the  equation  chapters  were  read,  in 
an  attempt  to  contact  subjects. 

There  were  three  readers  instead  of  four,  for  two 
of  the  twenty-3even  combination,  ( .OSO^-.lBS^-.sr^Q'1  and 
,  100"-,  133"-.  163")  This  is  explained  by  the  fact  that 
due  to  irregularities  the  work  of  tyro  of  the  subjects  could 
not  be  included  in  the  results.  Appendix  (VII)  shows  the 
reading  speeds  of  subjects  for  the  experimental  combinations. 

The  authors  hold  that  both  investigations  (children  and 
adults)  were  reasonably  well  controlled.  However,  the  children 
were  always  tested  in  classrooms  and  in  the  same  general 
atmosphere.  The  adults  were  tested  in  hotel  ballrooms,  their 
place  of  work,  in  schools  and,  in  a  few  cases,  in  their  own 
homes.  It  is  possible  that  these  varying  conditions  effected 

the  outcome  of  the  adxilt  study. 
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H3SULTS  OF  TIE  3EC0HD  INSTIGATION 

An  analysis  of  variance  was  performed  to 
determine  if  there  were  differences  between  the  grouws 
of  four  subjects,  each  group  reading  a  different 
combination.  The  analysis  also  tested  for  differences 
between  the  spacing  variables.  Table  XYII  shows  ths 
mean  reeding  speed  for  the  subjects  who  read  Braille 
with  a  given  value  of  each  of  the  spacing  variables. 


Dot  Spacing 

.030" 

,090" 

.100* 

Mean 

79.39 

95.54 

96.19 

Cell  Spacing 

.123" 

.140" 

,160" 

Mean 

86.04 

91.00 

93.72 

Line  Spacing 

.163” 

.320" 

.330" 

Mean 

90.80 

92.23 

83.0 

Table  XVII.  The  mean  reading  speed  in  words 
per  minute  for  all  subjects  who  read  Braille 
with  a  given  value  regardless  of  the  other 
values  with  ifhich.  it  was  combined. 

In  thi3  analysis  there  were  no  extra-chance  differences 
betv/een  specific  combinations  or  between  the  spacing  variables 
and  their  interactions.  This  is  the  sane  first  analysis  that 
was  done  on  the  children*  s  data  and  the  results  are  the  sane. 
The  variability  between  subjects  in  each  group  of  four  sub¬ 
jects  probably  prevented  any  differences  from  appearing. 

The  reader  is  referred  to  the  children's  study  for  a  more 
detailed  discussion  of  this  type  of  analysis.  The  summary 
table  appears  in  Table  XVII I 
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Source 

df 

S3 

M3 

F 

Dots 

2 

7595.39 

3797.70 

1.73 

Lexis 

2 

389.49 

194.75 

ulnes 

2 

614.12 

307.06 

Dots  X  Cells 

4 

3574.01 

893.50 

Dots  X  Lines 

4 

2003.80 

500.95 

Cells  X  Lines 

4 

768.04 

192.01 

Dots  X  Cells  X  Lines 

8 

4001.82 

500.23 

Within  Cells 

79 

174624.42 

2210.44 

‘xable  XVIII.  Summary  of  Analysis  of  Variance: 
total  number  of  words  (Adult  Study) 

Trend  Analyses.  As  in  the  previous  study  trend  analyses 
were  made  of  the  four  successive  twenty-five  ninute  reading 
periods  for  distance  between  dots,  cells,  and  lines.  The 
curves  for  these  values  vrere  presented  in  Vi  gores  32,  33, 
and  34. 

Trend  Analyses  for  Dot  Suaci Figure  32  shows  the 
c^irves  for  words  per  minute  for  the  four  successive  reading 
periods  for  dot  spacing.  Table  XIX  shows  the  actual  values 
for  each  of  these  points. 


Dot  Spacing  SUCCDSSIVN  HEADING  FSHI0D3 


1. 

2. 

3. 

4. 

.080" 

79.1 

78.6 

81.9 

82.3 

.020" 

96.3 

87.8 

102.7 

95.3 

.100" 

95.2 

90.1 

102.4 

97.6 

Table  XIX.  The  average  reading  rate  in  words 
per  ninute  for  each  of  the  twenty-five  minute 
periods  for  the  tlxeo  dot  spacinga. 

(Adult  Study) 


a; 

at 

V: 

ee'tiicC 

s.i 

. 

. 

tM 

cv«  /. 

•c  • „  n-’ 

ac-*To 

Sl.UO 

a.ar 

al£K 

'/ 

X- 

^•crX  s  1  ■:■ 

.  .  X 

i-  . 

a 

&Q£itl  X  flUlSv 

. 

. 

8 

3&3J1I  -  -  fiX  9C  a  ■ 

*  i 

ellsC  /•  .  j  XV 

i^c  ••  ”  .zvc  •  IX'  •  •  ••••—  ; 

-  $£•  :*A)  -•  /’rf  *»o-,u«e  JXSv  %r 

i  l  .j^c,  r*i  •:'  .  '  -  -  X*.  — •  J. 


ftflZ&S*?  tfjmjm  0Tt$~*S$X9%?J  aVlftMMriW 

. .  .  ,  .  ;■  •  :  \ 

.  :'  .  •'  ■'.  '  •  ,. 


e  'i  «vo.*f  Ta  tv  ^  2P  ■  •?  ««?y,£ 

fc  -  ■  ‘  '•'  •>  Wf."  :  .  .  .  \  , 

•  ■  ‘  ;-X  •  «-  mu  v  j't 


sc  irr.  ax  :rr 


•  ^ 

.£ 

r 

•  *• 

t  .  .3 

c.ie 

a.iiv 

x.ev 

"obo. 

S.aQ 

V..  ,  .; 

t.ra 

2.*  e 

1  '  . 

e.?S 

C.SuI 

. 

« 

*OQI. 

ar  iT  a  '&vt  frCu  ' 

•J.  -I-  •Tit-**;*/*  w’S  1-0  'tv  s  lot  ■■>„  7r. 

'••J'  '  •  •  ’  ■  •  -set  ni>< 

i  Ilf  Ml) 


READING  PERIODS 


Figure  32.  Average  number  of  words  per  minute  at 
successive  reading  periods  with  three  values  of  spacing 
between  dots.  (Adult  study) 
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From  Figure  32  and  Table  XIX  it  can  be  eeen  that  all 
readers  slowed  down  during  the  second  twenty-five -minute 
period  and  recovered  during  the  first  period  of  the 
following  day.  The  readers  of  the  .100”  and  .090”  Braille 
slowed  down  again  in  the  final  period,  but  the  readers  of 
the  .080”  material  showed  a  slight  spurt  at  the  end. 
However,  the  .090”  and  .100”  curves  are  almost  identical 
and  are  well  above  the  .080"  curve  at  all  points. 

The  trend  analyses  revealed  the  following t 

1)  The  curves  are  not  linear, 

2)  The  overall  slopes  differ  significantly. 

This  is  probably  due  to  the  final  slight  rise  in  the  .080” 
curve  in  contrast  to  the  drop  in  the  other  curves. 

3)  There  is  a  significant  difference  between 
individual  means. 

4)  There  is  a  significant  difference  between 
group  means. 

Table  XX  is  the  summary  table  for  this  analysis. 


Source 

df 

S  S 

MS 

F 

Individual  Deviations 
from  Estimation 

206 

28330.12 

137.52 

Group  deviations  from 

4 

175.91 

178.98 

1.30** 

Estimation 

Overall  deviations  from 

2 

4702.59 

2351.80 

17.10** 

Linearity 

Between  Individual  slopes 

103 

12148.14 

117.94 

.86 

Between  Group  slopes 

2 

94.95 

47.48 

Overall  slopes 

1 

1822.21 

1822.21 

13.30** 

Between  Individual  Means 

103 

740937.34 

7193.57 

52.31** 

Between  Group  Means 

2 

25584.92 

12792.46 

93.02** 

*♦  p 

"  .01 

Table  XX.  Summary  of  Test  for  Trend 
Between  Dot  Spacings.  (Adult  Study) 
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'Jlnce  the  Trend  Test  demcnstra  ted  a  difference 
between  -roup  means,  it  seemed,  advisable  to  perform  two 
factor  analyses  of  variance  between  dot  ruacings  of  ,100" 
and  .080"  ;xnd  between  dot  8  pacing  a  of  .090"  and  .080". 

Both  of  these  analyses  demonstrated  e>:tra-chance  differences, 
suggesting,  as  in  the  study  of  grade  and  high  school  x'eaders, 
that  a  dot  spacing  of  .080"  is  inadvisable.  There  seems  to  be 
no  choice  between  .100"  and  .090".  This  was  also  true  in  the 
first  investigation.  The  summaries  for  these  analyses  are 
presented  in  Tables  XXI  and  XXII. 


Source 

Of 

33 

MS 

r 

Values 

1 

18517.60 

18517,60 

9.21** 

Intervals 

3 

3930.30 

1306.77 

V  .lues  X  Intervals 

3 

720.04 

240.01 

Within  Cells 

276 

55027.87 

2010.97 

Total 

571818.81 

**p  .01 

Table  XXI.  Summary  of  Analysis  of  variance 

between  .080" 

and  .090"  Distance  between 

dots. 

(Adult) 

Source 

df 

SS 

MS 

J 

Values 

1 

19923.47 

19923.47 

12.58** 

Intervals 

3 

3113.50 

1037.83 

Values  X  Intervals 

3 

308.58 

102.36 

Oithin  Cells 

273 

431992.82 

1582.91 

Total 

280 

455338.37 

**p 

.01 

Table  XXII  .  Analysis  of  Variance  Between 
.080"  and  .100"  Distance  Between  Dots. 
(Adult  Study). 
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S£9.^2^-J:ysis_  of  Cell  S-.uici  n,  ;-  The  subjects  who 
rsau  braille  with  different  cell  spacing?  also  dropped 
during  the  second  twenty-five  minute  period  and  all 
recovered  during  the  early  pert  of  the  second  day. 

..owever,  those  readers  v/hose  Braille  cell  s;)acing  was 
.160*  continued  to  improve  on  the  second  day.  The  .140" 
and  .123**  curves  both  dropped  in  the  final  twenty— five 
ninute  period*  The  ,160"  curve  is  consistently  above 
the  other  curves  v/ith  one  exception  where  the  .140" 
curve  crosses  it  on  the  third  twenty-five  ninute  period. 

The  .123*  curve  is  below  the  .140''  curve  with  one  exception. 


These  trends  are 

illustrated 

in  Table  XXIII, 

and  figure  33. 

Cell  Spacing 

SUC0SSS1T3  K3ADINC-  r'XRIODS 

1* 

2, 

3. 

4. 

.133" 

85.1 

83.5 

91.7 

85.9 

.140" 

92.7 

81.5 

98.9 

89.1 

.160" 

92.7 

83,9 

96.2 

98.6 

Table  XXIII,  The  average  reading  rate  in 
words  per  minute  for  each  of  the  twenty- 
five  ninute  periods  for  the  three  cell 
spaoings. 


The  trend  analysis  reveals: 

1)  The  curves  are  not  linear* 

2)  The  overall  curves  are  not  the  same  slope, 

3)  There  was  a  significant  difference  between 
individual  means. 

4)  The  group  means  differed  significantly. 
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Figure  33  •  Average  number  of  words  per  minute  at 
successive  reading  periods  with  three  values  of  spacing 
between  cells.  (Adult  study) 


61 


Tha  summary  table  of  the  analyses  is  shown  on 
Table  XXI Y. 


Source 

df 

SS 

MS 

r 

Individual  Deviations 

206 

26799.75 

130.10 

from  Estimation 

Group  Deviations  from 

4 

2246.28 

561,57 

4.32* 

Estimation 

Overall  Deviations  from 

2 

4703.59 

2351.80 

18.08* 

Linear! ty 

Between  Individual  Slopes  103 

12055.94 

117.03 

.90 

Between  Group  Slopes 

2 

189.15 

94,58 

Overall  Slope 

1 

1822.21 

1822.21 

14.01 

Betv;een  Individual  Keans 

103 

762553.74 

7403.43 

56.91* 

Between  Group  Means 

2 

3698.52 

1984.26 

15.25* 

*P  .05 

**p  .01 


Table  XXIV.  Test  for  Trend  between  cell 
sp&cinge.  (Adult  Study) 

Since  tine  between  group  means  51  was  significant  it  again 
seemed  advisable  to  calculate  two  factor  analyses  of  variance. 
The  readers  of  .160"  cell  spacing  were  consistently  above  the 
others  so  analyses  were  made  between  .160"  and  .  1 -0H  l:XL*  between 
.160"  and  .123".  In  neither  case  did  any  of  the  3T  ratios  reach 
the  .05  level,  although  p  was  equal  to  .20  for  the  latter 
analysis.  Tables  XXV  and  XXVI  are  the  summaries  of  these  two 

analyses  of  variance. 
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Source 

4f 

S3 

MS 

I 

Values 

1 

913.08 

913.08 

Intervals 

3 

5799.42 

1933.14 

Values  X  Intervals 

3 

1551.92 

517.31 

Within  Cells 

280 

589840.58 

2106.57 

— 

Total 

287 

598305.00 

Table  XXV.  Analysis  between  .140”  and  .160” 

cell  spacing. 

(Adult  Study) 

Source 

df 

S3 

MS 

r 

Values 

1 

3967.56 

3967.56 

2.02 

Intervals 

3 

2520.28 

840.09 

Values  X  Intervals 

3 

688.99 

229.66 

Within  Cells 

272 

532383.79 

1957*29 

Total 

279 

539560.62 

Table  XXVI.  Analysis  of  variance  between 
„160H  and  .123”  cell  spacing.  (Adult  Study) 

Here,  then,  we  have  a  case  in  which  there  is  a  signifi¬ 
cant  difference  when  all  curves  are  considered,  but  no 
significant  difference  between  any  two  curves.  From  inspection 
of  the  data  it  would  seed  as  if  cell  spacing  .160”  is  superior 
to  *140”  end  .140"  is  superior  to  .123”.  This  finding  repre¬ 
sents  the  only  real  difference  between  the  children  and  adult 
readers.  The  children  read  .123”  at  &  significantly  greater 
rate  than  they  read  .160'*  as  indicated  by  the  trend  analysis 
Analysis  ox  ^iae  Suuij^  Once  more  all  readers 
dropped  during  the  second  twenty-five  minute  period.  They 
all  improved  at  the  outset  of  the  second  day  and  all  slowed 
down  during  the  last  twenty-five  minutt  period. 
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2he  curve  for  the  readers  of  Braille  with  line  spacing 
of  .300"  shows  much  steeper  rises  and  falls  than  the 
others.  The  .220"  and  .163"  curve  parallel  each  other, 
hut  the  . r?0B  curve  is  consistently  above  the  .163"  curve 
as  vail  ao  the  .300"  curve.  These  data  are  -resented  in 
Table  XXVII  and  Figure  34. 


Line  Spacing* 

SUCCESSIVE  READING  FURIOUS 

1. 

2. 

3. 

4. 

.163" 

90.6 

87.2 

94.6 

91.2 

.220" 

91.4 

89.2 

97.0 

94.1 

.300" 

88.8 

77.5 

95,4 

88.6 

Table  XXVII.  The  nean  reading  rate  in  words 
per  minute  for  subjects  who  read  different 
line  spacing s.  (Adult  Study) 


The  Trend  analysis  demonstrated  the  following: 

1)  The  curves  are  not  linear. 

2)  The  overall  slopes  differ  significant! y. 

This  is  probably  accounted  for  by  the  way  in  which  the  .300" 
curve  differs  from  the  other  two. 

3)  The  group  means  differ  significantly. 
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Figure  3lw  Average  number  of  words  per  minute  at 
successive  reading  periods  with  three  values  of  spacing 
between  lines,  (Adult  study) 
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Sable  XXYIII  is  the  sumary  of  this  trend  analysis. 


Source 

df 

ss 

MS 

F 

Individual  Deviations 
from  Estimation 

206 

27768.68 

134.75 

> 

C-roup  Deviations  from 
Estimation 

4 

1287.35 

221.84 

2.39 

Overall  Deviations  from 

Li.  near!  ty 

2 

4703.59 

2351,80 

17.45** 

Between  Individual  Slo2ies 

103 

12115.34 

117.62 

.87 

3e tween  Group  Slopes 

2 

127.76 

63.88 

,-5? 

Overall  Slope 

1 

1822,21 

1822,21 

15.52** 

Between  Individual  Means 

103 

764483.98 

7432.20 

55.08** 

Between  Group  Means 

2 

2035.28 

1017.14 

7.55** 

**I>  -  .01 

Sable  XXVI II.  Summary  of  Trend  analysis  for 

Line  Spacing.  (Adult  Study) 

Agax n  the  between  group  means  ?  was  significant.  Two 
factor  analyses  of  variance  were  made  between  .  220 n  and  ,  163rt 
and  .3C0M#  the  I  ratios  did  not  approach  significance  in  either 
case.  The  suninary  tables  are  not  included,  jfron  inspection  of 
the  data  (Table  XXVII)  and  Figure  34)  it  seems  logical  that 
moat  of  the  overall  Significance  comes  from  the  superiority 
of  both  ,220*  and  .163*  aver  .30G«.  And  certainly  the  means 
for  the  line  spacing  of  .220"  are  above  either  of  the  others 
at  all  successive  reading  periods. 
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,i3K3KAL  C°NCLU3I0KS  01  THE  CHILD  A UD  ADULT  STUDIBS 

SOKE  IKT2HPHBTATI OHS  A2JD  SHOCDSTIOHS  TO  TOTHSR  BBSfiABCH 

Ih®  Prool03a  was  to  determine  whether  different  values  of 
the  three  spacing  variables  affected  readability.  The  first 
simple  analysis  of  variance  failed  to  show  any  difference 
for  any  of  the  variables  or  Braille  combinations.  This  was 
true  lor  both  investigations.  It  was  pointed  out  that  the 
great  variability  of  scores  within  -Braille  combinations 
mashed  possible  differences.  This  variability  was  forced 
by  selecting  subjects  from  each  quartile  for  each  group  of 
subjects. 

The  more  sensitive  trend  analyses,  however,  demonstrated 
some  interesting  differences.  Concerning  dot  spacing,  adults 
read  Braille  whose  dots  within  cells  are  .080"  apart  less 
rapidly  than  Braille  whose  dots  are  either  .090"  or  .100" 
apart.  There  is  no  choice  between  the  latter  two  spacings. 

This  is  exactly  the  same  conclusion  that  was  reached  in  the 
investigation  which  employed  school  children  as  subjects. 

The  major  difference  between  the  adult  readers  and  the 
children  occurred  in  the  analysis  of  cell  spacing.  The 
results  were  essentially  opposite.  Adults  read  Braille 
whose  cell  spacing  va3  .160"  most  rapidly  and  the  .123" 
spaced  Braille  least  rapidly  although  significance  was 
only  obtained  when  all  three  values,  (.160",  .140*,  and  .123") 
were  considered  simultaneously,  not  when  any  two  of  the  spacings 
were  compared  separately.  Tha  children  read  Braille  whose 
cell  spacing  was  .123"  at  a  greater  rate  than  they  re  d 

material  whose  cell  spacing  was  .160". 
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This  finding  was  statistically  significant.  The 
dir ::e ranee  "between  .140"  and  .123"  was  not  significant. 

1^.  further  research  is  to  be  done  it  would  seem  worthwhile 
to  discover  ii  this  difference  between  children  and  adults  is 
consistent.  The  logic  for  this  particular  finding  is  not  too' 
clear  to  the  authors,  although  some  speculations  can  be  made. 

Perhaps  school  children  are  raore  ada  table  to  changes  in  Braille, 
or  the  siz9  of  the  finger  may  be  a  major  factor.  Of  course 
children’ s  fingers  are  smaller  and  smaller  cell  spacing  should 
interfere  less  with  di3criminability  between  Braille  cells. 

If  tMs  were  true  their  faster  reading  could  be  accounted  for 
by  the  fact  that  more  words  are  read  per  inch  of  finger  movement. 

On  the  other  hand  perhaps  the  present  cell  spacing  of  .160"  is 
the  most  desirable  for  adults.  An  interesting  research  possibility 
would  be  to  simultaneously  vary  cell  spacing  and  finger  size. 

The  adults  read  Braille  whose  line  spacing  was  .220"  (present 
standard)  faster  than  they  read  the  smaller  spacing  of  .16oH 
and  the  larger  spacing  of  .300".  This  finding  was  only  statistically 
significant  whe:.  all  three  values  were  considered  simultaneously. 

Tlis  children  also  read  more  rapidly  when  the  line  spacing  was 
.220".  In  this  case  .2.20"  material  was  read  significantly 
faster  than  the  .140"  and  the  .300"  Braille  when  separate  two 
factor  analyses  of  variance  were  computed.  or  line  sp  cing, 
then,  the  children  and  adult  readers  apparently  perform  most 
efficiently  with  the  present  specifications. 
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Combining  the  data  the  most  logical  Braille  combination 

xor  adults  would  be:  dot  spacing,  ,090"  or  ,100" 

cell  spacing,  ,160" 
line  spacing,, 220" 

•090",  ,160"  and  ,220"  are  the  present  specifications, 

lor  children,  the  findings  indicate  that  the 

following  are  the  superior  combinations: 

dot  spacing,  ,090"  or  .100" 
cell  spacing,  .123"  or  .140" 
line  spacing,  ,220" 

It  must  be  remembered  that  other  values  of  each  of 
the  variables  could  have  been  selected.  The  fact  that 
the  middle  values  were  superior  for  two  of  the  variables 
for  both  children  and  adults  would  suggest  that  greater 
extremes  would  not  have  been  read  at  a  greater  rate.  Slight 
deviations  from  these  middle  values  could  very  well  be  read 
as  fast  or  faster  than  the  values  employed  in  the  study. 

It  is  possible  that  a  number  of  other  values  for  cell  spacing 
would  be  read  at  as  great  or  greater  rate  than  any  of  the 
values  employed  in  this  study. 

Another  result,  not  previously  stated,  requires  some 
interpretation — the  subjective  reports  by  the  readers  concerning 
the  kind  of  3raille  they  were  reading.  The  subjects  were  given 
no  information  concerning  the  nature  ox  the  Braille  »hsy  were 
reading.  At  the  end  of  the  1  els  t  reading  period  they  were  asked 
questions  about  the  distance  between  the  dots,  ce.i.ls,  and  lines 
and  they  were  asked  whether  they  preferred  the  Braille  they 
were  reading  to  standard  Braille.  Many  subjects  reported  that 
one  or  more  of  the  spacing  variables  were  closer  than  standard 
Braille  when  this  was  not  actually  the  case.  The  reverse  seldom 


occurred. 
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Jhe  dots  on  all  Braille  were  .015"  high.  Standard  Braille 
io  usually  higner.  There  may  hare  oeen  confusion  between  the 
smallness  of  the  dots  and  the  spacing  between  them.  An 
unpublished  study  oy  Meyers  and  Ashcroft  demonstrated  clearly 
that  differences  in  dot  height  as  low  as  .001*  can  he  discriminated 
by  blind  readers.  A  study  of  Readability  of  Braille  as  a  function 
of  dot  height  seems  to  be  in  order. 

Some  other  possible  research  problems  are: 

X)  An  investigation  of  the  most  effective  spacing  variables 
as  a  function  of  reading  ability. 

2)  An  investigation  of  the  most  desirable  spacing  values 
for  beginning  readers,  both  children  and  adult.  This  is,  of  course, 
related  to,  but  not  the  same  as  the  above  suggestion. 

3)  Employing  fairly  large  numbers  of  subjects,  compare 
readability  of  Just  a  fev;  combinations,  namely,  those  th  t  contain 
values  which  were  read  rapidly  in  the  present  study,  but  whose 
values  did  not  differ  significantly,  for  instance,  the  children 
read  combinations  which  contained  a  cell  spacing  of  .133"  faster 
than  they  road  combinations  which  hid  cell  s  acings  of  •  140" , 

but  not  statistically  significantly  faster.  If  thirty  children 
read  a  combination  whose  spacings  were  •03CH  -  *133"  -  .<;20n  and 
thirty  read  a  combin  tion  of  **  .140"  -  .220",  significance 

differences  should  appear  if  they  exist.  As  a  matter  of  fact 
the  results  of  cell  sp  .cing  seen;,  to  be  least  clear  for  Doth  adults 
and  children  and  this  problem  sliould  be  investigated  funner. 
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4)  Meticulous  care  was  taken  in  printing  the  Braille 
for  this  study,  emphasis  was  placed  on  uniformity  of  dot 
height  and  care  was  taken  to  prevent  the  dots  from  breaking 
through.  An  investigation  could  be  undertaken  to  determine 
whether  uniformity  of  dots  affects  reading  rate. 


<* 


#«/>  ..o  ftlv?.':.:  •'  .rr.  #*«v.  f  '*•  A  ‘  '* 


%^Jb  k  :  ****  »>0>  add  <*.-*!**  *J  '  •**  f,a-  *><  -•*«* 


!•#  4c  •  .•  4«m  ini  H.ko 


'*  h  l<  r  i  tbar 


' 


70 


PIHAL  SUM;  LAST 

An  attempt  was  made  to  determine,  within  specified  limits, 

which  values  of  three  spacing  variables  of  Braille  print  are 

most  readable.  The  spacing  variables  were  distance  between 

dots  in  Braille  cells,  distance  between  Braille  cells  and  distance 

between  Braille  lines.  The  values  employed  in  the  study  werei 

dot  spacing:  .080",  .090"  and  .100" 
cell  spacing:  .123",  .140"  and  . 160" 
line  spacing:  .163",  .220"  and  .300" 

The  underlined  values  represent  the  present  specifications. 

The  reading  material  was  the  Black  Arrow  by  Robert  Louis 
Stevenson.  Two  hundred  and  seventy-five  grade  and  high  school 
children  (lower  limit  was  the  fifth  grade)  and  one  hundred  and 
sixty-seven  adults  read  standard  Braille  for  thirty  minutes 
from  chapters  twelve  and  thirteen  of  the  Blade  Arrow.  The 
purpose  of  this  initial  part  of  the  study  was  to  obtain  initial 
scores  for  all  subjects.  The  instructions  emphasized  both  speed 
and  accuracy.  The  average  reading  rate  of  children  for  this 
material  was  sixty-eight  words  per  minute;  for  adults  91.69 
words  per  minute.  All  subjects  who  showed  poor  comprehension 
v/ere  eliminated  from  the  study.  The  reading  scores  in  words 
por  minute  were  plotted  in  two  frequency  distributions,  one 
for  children  and  one  for  adults.  Bach  distribution  was  divided 
into  quartiles,  each  quartile  representing  different  and  successive 
ranges  of  reading  speeds.  Twenty-seven  groups  of  four  children 
were  selected  from  the  childrens’  distribution.  Each  of  the  four 
children  in  a  group  were  selected  from  a  different  quartile,  raid 
the  mean  reading  speod  of  each  group  was  nade  to  equal  seventy 
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words  per  minute  plus  or  minus  one.  In  a  similar  manner  tventy- 
se/en  groups  ov  four  adults  were  selected.  Each  adult  in  a  group 
was  selected  from  a  different  quartile;  however,  no  attempt  was 
made  to  make  the  average  scores  exactly  the  same  in  each  group 
of  adults. 

There  were  twenty-seven  possible  combinations  of  Braille 
dot,  cell,  and  line  spacing* .  Bach  group  of  four  children  was 
assigned  to  one  of  these  combinations  and  each  group  of  adults 
was  assigned  to  a  combination.  All  subjects  read  their  assigned 
Jiraille  for  two  fifty  minute  periods  on  two  successive  days. 

The  instructions  again  emphasized  speed  and  accuracy  and  the 
importance  of  not  skipping  words.  The  experimenters  recorded 
the  time  at  the  end  of  each  page.  Comprehension  questions 
were  asked  at  the  and  of  the  second  fifty  minute  period. 

Subjects  who  failed  to  answer  fifty  percent  of  questions  on 
material  read  were  discarded  and  new  subjects  substituted  from 
the  pool  of  equation  subjects.  Questions  concerning  their 
reaction  to  the  Braille  v/ere  also  asked  of  all  subjects. 

The  data  for  the  children  and  adults  were  analysed  separately. 
Several  kinds  of  analyses  were  made.  From  these  analyses  the 
following  Braille  specifications  seemed  superior: 

For  Children  For  Adults 

dot  8  acing  *  *090"  or  .100**  *  .09’.'"  or  .100" 

cell  spacing  .123"  or  .140"  *  .160" 

line  spacing  *  •  • 

*  Present  standard  spacing 

Several  interpretations  and  suggestions  for  further  research 
were  made. 
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VALU33  OF  THH2B  BRAILL3  DIMENSIONS 


later  clot  s  .acini;  —  .080,  .090,  and  .100  inches 
latercell  9-o&cij3&— -( distance  from  center  to  center 
of  adjacent  dots  in  adjacent  cells)  .123,  .140, 
and  .160  inches. 

Interline  fl'iacina— »( distance  from  center  to  center 
of  adjacent  dots  (in  adjacent  cells)  In  adjacent  lines) 
.163,  ,220,  ;nd  .300  inches. 
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II.  IKSTSUOTIOiTS  * ■  •  ORILBEEki  -  SQjUATIHO  STUDY 


¥e  •tuning  Braille  to  see  if  ve  C£.n  improve 
it  in.  some  way.  ^9  would  like  to  have  you  help  us.  We 
want  you  to  read  some  Braille  material  silently.  Head 
the  in  ■'erial  as  fast  as  you  can  without  skipping  any 
words,  loti  will  he  asked  to  read  a  few  pages.  Shis  has 
nothing  to  do  with  your  school  work.  We  do  net  care  if 
you  are  not  as  fast  a  reader  as  someone  else.  However, 
vie  want  you  to  read  as  quickly  as  you  can.  The  material 
you  will  read  is  an  interesting  adventure  story,  and  I 
think  you’ll  enjoy  it. 

I  will  call  your  name,  you  raise  your  hand  and  I 
will  give  you  the  material  you  will  read.  Keep  the 
■booklet  closed  until  I  tell  you  to  open  it.  3c  ftiire 
not  to  o-oen  the  booklet  until  I.  tell  you  all  t.o  do  so. 

I  want  you  to  start  reading  the  story  at  the  same  time. 

When  I  tell  you  to  ” start”,  open  your  booklet  and 
begin  re  ding.  Head  as  fast  as  you  can  until  I  tell 
you  to  stop.  Be  sure  not  to  skip  any  words.  When  I  tell 
you  to  3  top,  keep  your  finger  on  the  word  you  -.ire  then 
reading  until  I  come  by  and  mark  your  place. 

I  will  give  you  another  booklet  which  contains  20 
questions  in  Braille  on  the  3tory  you  have  just  read. 

Are  there  any  questions? 
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IV.  Individual  scores  and  group  total  for  each  of  t  ie  tw-n  y- 
aeven  combinations  of  Braille  specifications.  The  total 
for  each  group  was  originally  280  words  per  minute. 
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V.  INSTRUCTIONS  POH  SIuHRIMSHTAL  STUDY 


1st  Session. 


As  you  will  remember,  we  are  studying  Braille,  rind 
you  have  already  participated  in  the  first  part  of  our 
study.  Today,  we  want  you  to  help  us  with  a  second  part 
of  the  study  "by  reading  some  more  Braille  material, 
silently.  This  reading  will  he  a  little  longer  than  laat 
tine,  and  I  want  to  remind  you  again  to  not  talk  to  me 
or  anyone  df ter  you  start,  and  also  to  not  take  any  ’breaks 
for  rost  during  the  reading  period. 

We  want  you  to  read  the  material  as  fast  as  you  can 
without  skipping  any  words.  We  don*t  care  if  you  are  not 
as  fast  a  reader  as  someone  else,  however,  we  do  want  you 
to  read  as  quickly  as  you  can. 

The  Booklet  will  Be  placed  Before  you  in  the  correct 
reading  position,  and  when  I  tell  you  to  start,  open,  your 
Booklets  and  Begin  reading.  Bead  as  f  st  aa  you  can  until 
I  tell  you  to  stop.  When  I  tell  yon  to  stop,  keep  your 
finger  on.  the  word  you  axe  then  reading  until  I  mark  your 
place.  Be  sure  to  keep  your  finger  on  the  word  you  are 
then  reading.  After  you  have  finished,  1  will  re  d  some 
questions  to  you  on  the  material  you  h  vs  just  rec.d. 

Bo  you  have  any  questions? 

2nd  Session 

Today  we*  11  continue  reading  where  we  stop  ed 
yesterday.  I  will  open  your  Booklets  and  place  your 
finger  on  the  word  at  which  you  stopped  yesterday. 

Bo  not  move  your  finger  until  I  tell  you  to  " start”. 
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Vfhen  I  tall  you  to  "start*,  begin  reading  as  fast  as 
you  can  without  skipping  words  until  I  tell  you  to  "stop", 
'.rhen  I  tell  you  to  stop,  keep  your  finger  on  the  word  you 
are  then  reading  until  I  mark  your  place. 

After  you  have  finished  today,  I  will  reas  some 
questions  to  you  on  the  material  you  have  just  read. 

If  you  happen  to  finish  this  booklet  before  the 
reading  cine  is  up,  l  will  have  another  booklet  opened 
for  you  to  read,  which  is  the  second  part  of  the  story. 

Do  not  say  anything,  and  males  the  change  in  booklets 
as  quickly  and  as  quietly  as  possible. 

Do  you  have  any  questions? 
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PRELIMINARY  INVESTIGATION  I 


Nummary  of  an  investigation  of  th*  Mm 
I  in  the  height  of  Braille  dots.  '  aoiiity  of  subjects  to  detect  differences 

I  Subjects*  Sixteen  students  of  the  Kentucky  School  for  the  Blind. 

Apparatus  and  Procedure*.  Stimulus  sheets  were  oreoared  bv  th«  a  , 

Printing  House  for  the  Blind.  Each  s^fet^  S^ai^Trai  11 . 

02S»  or^  °Ld°t8i  had  a  U>?  radius  oi:  either  .015-*  .020- 

00S«Fto  t010»a?iU3fy;,?iS"tit  WaJ  po8sible  10  the  height  from 

.OOi)  to  .010  in  .001  step  intervals,  without  breaking  the  paper. 

imitarly  for  tip  radius  .020%  it  was  possible  to  vary  the  height 
from  .005  to  .011-.  The  maximum  height  for  tip  radius  of  .025" 
was  .015,  and  for  tip  radius  .030-  the  maximum  height  was  .017- 
.or  each  tip  radius  every  height  was  paired  with  itself  and  eve^y 
other  neight  twice.  Thus  height  .0C'5H  was  paired  twoic  with 
heights  .005%  .006%  .007“,  .008%  .00?-,  and  .010-.  In  like 
manner  height  .006"  was  paired  with  itself  and  each  of  the  other 
heights  twice.  The  3ame  procedure  was  followed  for  each  of  the 
other  tip  radii*  The  order  of  presentation  of  the  pairs  of  dots 
was  randomized*  The  task  of  the  subject  was  to  report  whether 
the  second  of  each  pair  of  dots  was  higher  or  lower  than  the 
first.  Each  response  was  recorded  on  a  prepared  data  sheet. 

A  forced  choice  technique  was  employed;  subjects  could  not  report 
that  the  second  dot  was  the  same  as  the  first. 


The  errors  were  tabulated  and  the  data  analyzed. 

Results:  I,  Total  errors  The  mean  number  of  errors  per  subject  was 
U5.00  or  l5.5£.‘  The  range  was  from  22  to  90  errors.  Since 
there  were  338  pairs  (excluding  pairs  in  which  the  heights  were 
the  same),  the  expected  mean  chance  frequency  would  be  169  errors. 
Discrimination  was  considerably  better  than  that  exacted  by 
chance.  P  .01. 

II.  Errors  on  pairs  of  dots  which  differed  by  .001"  The  mean  number 
of*  errors  on  pail*swKose  do6s  dli^/ered  by  .  Oux"  was  21.0.  There 
were  66  pairs  on  each  stimulus  sheet.  Thus  on  the  average  the 
subjects  judged  U5  pairs  correctly  or  68.2^.  This  is  statistically 
significant  (P  .01).  This  is  the  most  important  finding  of  the 
study. 

Table  1  shows  the  errors  made  by  subjects  as  a  function  of  the 
difference  in  the  height  of  dots  in  pairs,  it  demonstrates  clearly 
the  decreasing  number  of  errors  made  as  the  height  difference  in¬ 
creases. 
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TABLE  1 


(Table  1  shows  errors  and  $  errors 
which  differed  from  .001"  to  .012" 


made  by  the  16  subjects  for  oairs 
.  All  tip  radii  are  combined.) 


Difference  in  airs 


iirs 

differing 

by 
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.002" 
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it 

.003" 
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.OO4" 
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.005" 
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.007" 

it 
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.008" 

it 

it 

It 

.009" 

it 

it 
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.010*’ 

it 

tt 
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.011" 

it. 

n 

tt 

.012" 

Total  no.  of  pai  r-s 

1056 

928 

800 

672 

5hli 

U16 

320 

256 

192 

128 

6U 

32 


judged  Errors  made 

336 

197 

105 

73 

20 

7 

6 

2 

3 

0 

1 

1 


%  Error 


31.8 
21.3 
13.1 
10.  J 

03.7 

01.7 

01.9 

00.8 

01.5 

00.0 

01.6 

03.1 


•  Er  1  ors  as  _a  ^ ’unction  of  the  tip  radius  i'here  was  only  a  sug 
gestion  01  a  trend  in  ability  to  discriminate  dot  height  as  a  func¬ 
tion  of  the  tip  radius. 


For  tip  radius  .015"  subjects  made  16.9$  errors 
"  rt  "  .020"  "  «  21.0$  * 

"  "  "  .025"  "  »  12.8$  » 

"  "  "  .030"  "  "  11.2$  " 

Although  these  data  suggest  that  the  two  lar;  er  tip  radii  facili 
tate  dot  height  discrimination,  with  the  exception  of  radius  .020# 
there  is  very  little  difference.  None  of  these  differences  is  sta¬ 
tistically  significant. 


IV.  Errors  as  a  functi  u  of  tne  position  on  the  height  continuum  at 
which  the  subject  discriminates  The  question  asked  here  is 
whether  the  subject  dis criminates  more  or  loss  accurately  be¬ 
tween  dots  whose  heights  are  .005"  and  .OOcS"  than  dots  whose 
heights  differuby  the  same  amount  but  which  are  higher,  such  as 
.009"  and  .010  or  .Old"  and  .017". 

There  was  no  trend.  Discrimination  between  pairs  at  the  low 
levels  was  nc  better  or  worse  than  discrimination  at  the  high 
levels.  Table  2  presents  these  results  for  ’airs  whose  height 
differed  by  one. 


Erroas  of  .001  as  a  function  of  toe  i, eight  level  at  which  the 
judged,  sill  tip  radii  are  combined.  Sixteen  subjects. 


airs  are 


:'a-ir3  No.  of  pairs  judged  No.  of  errors 
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if  n 

128 

uli 

3U.h 
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128 

u8 
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128 
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Uo 
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10  -  11 

96 

27 

21.1 
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12  -  13 
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13  -  lh 

61* 
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30.0 

iU  -  IB 

6U 

19 

30.0 

15  -  16 

32 

16 

5o.o 

16  -  17 

32 

8 

25.0 

V.  Time  errors  In  other  sensory  areas  it  has  often  been  ob¬ 
served  that  when  subjects  are  r  resented  t  wo  successive  physically 
equal  stimuli,  they  consistently  judge  the  second  stimulus  as 
more  intense  than  the  first.  The  analogy  in  this  &udy  would  be 
that  subjects  would  call  the  second  of  the  two  equal  dots  higher 
than  the  first.  This  did  not  occur.  Although  some  subjects 
made  fairly  consistent  errors  in  one  direction,  others  made 
errors  in  the  other  direction.  The  final  effect-  was  not 
significant. 
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Purpose: 


Subjects : 
Design: 


Procedure 


PRELiLINARi  IhVLBTIGAXIoN  II 


^  ^  difference  in  reading  speed  and  c  om- 
prehension  of  Braille  printed  in  full  interpoint  as  opposed  to 
Braille  printed  in  semi-interpoint. 

The  major  study  is  to  i  elude  three  variables:  distance  be*, 
tween  dots  within  the  cell,  disiaj.ee  between  cells,  ana  distance 
between  lin°s.  i he  re  would  be  considerably  more  latiw  de  for 
variation  cf  distance  between  lines  if  full  rather  than  semi- 
interpoint  were  used.  Also,  if  full  interpoint  proved  practical, 
it  would  oe  possible  to  pr ^iit  several  more  lines  per  page.  Thei'c 
are  apparently  no  technical  Difficulties  in  printing  full  inter¬ 
point  Braille. 

Seven  female  adult  Braille  readers  and  one  male  adult  Brai'le 

reader. 

Two  li;00-uord  oasca^es  were  used,  one  selected  from  Patterns  of 
Culture  by  Ruth  Benedict,  and  one  from  Gods,  Graves,  ?nd  Scholars 
by  5.  Ceram.  Four  copies  of  each  were  printed  in  full  i^ter- 
point  arid  four  copies  of  each  in  3em-interpoint.  Each  subject 
read  both  passages  but  the  passages  and  the  kind  of  ir. terpoint 
were  counter-balanced. 

Letting  PI  be  passage  1  nd  P2  be  passage  two,  and  f  be  full 
interpoint,  and  s  be  semi-interpoint,  the  following  table  indi¬ 
cates  the  design: 


Subjects 

Passage  read  first 
Passage  read  second 


if  ficulty  of  the  two  pas sag  s  and  any  serial  ei  ecu  aie  un¬ 
rolled.  If  any  difference  exists  in  speed  of  reading  full  m^  r- 
oint  vs.  semi-interpoint,  it  should  appear  in  the  difference  ><e- 
ween  the  mean  reading  ti.  -  of  full  interpoint  passa  es  and  toe 
-an  reading  time  of  semi-interpoint  passages. 

The  investigation  was  carried  out  in  one  day  by  two  experimenters. 

e“  ectwas  given  the  following  ins  .ructions: 

aSk  you  to  read  two  P-32r;-ou  alew  questioS  ^out  toe 

h-e  ftoisied!  bit  renter  to  read  as  quickly 

as  you  can  without  s^p^n^  bSp^s^e^?t^ereadinc  time  for 

there  were  At  the  end  tf  each  .assage,  the  subjects 

■Lare  aSd"ton  onions  about  the  confnt  and  the  asnwers  were 

recorded,  t^  ^  ^  eMh  50sslon  the  sub jecto  were  * 

page  or  two  cf  each  passage  and  to  lepor.  any 

print. 


1  &  5 

2  &  6 

3  &  7 

k  &  8 

Pis 

Plf 

P2s 

P2f 

P2f 

P2s 

Plf 

Pis 

with  tiiis 

design 

both  the 

difference  in  the 

a£  e 


Results: 

T.  Heading  ^  lines 

The  mean  reading  t-ir.e  ’’or  0  .  . 

17  minute-  a-nA  '  c  ,  s^-uiterpomt  oaesr 

x/  minute.  and  4.5  seconds,  The  i  r  •  f  _ 

lr.terpomt  pass  a  e  was  i7  rumies  an,  .  Jecc  S  ~ 

ence  xs  oxtremeiy  small  and  no  sta  tical  test  ^  -reSscr^ 

The  following  table  ...r.;s..-nis  '  tr‘'* 


tne  lull 
The  uiffer- 


Subjoct 

1 

2 

3 

4 

5 

6 

7 

8 


ti'f*  r  ■  ruling  ti  es  of  e  oh  subject: 
Semi  p,m 


minutes 

seconds 

minute 

s  cohds 

19 

51 

2k 

02 

13 

36 

12 

35 

11 

42 

12 

55 

11 

07 

12 

la 

15 

39 

15 

03 

25 

hi 

23 

20 

18 

45 

17 

03 

20 

15 

19 

01 

136 

36 

136 

h0 

17 

ol.5 

17 

05.0 

answers 

for  r  ach 

passage  was 

recorded. 

Total  times 
A  an  time 


II  Comprenensior 

The  number  of  corr< 

The  me  an  num  er  of  correct  answers  for  tnc  full  interpoint  pas¬ 
sages  was  8.230  and  the  m  an  for  tne  semi-interpoirt  passa  es 
-./as  £.123.  The  following  tabic  resents  tne  breakdown  bp  sub¬ 
jects  : 


Subject 

1 

2 

a 

h 

5 

6 

7 

q 

o 


Total 
he  an 


Correct  Answers -Semi 

8 

9 

10 

8 

7 

9 

5 

9 

-*5 

8.125 


Correct  Answers-Full 

10 

o 

y 

8 

9 

7 

6 

9 

8 


66 

8.250 


a  a  in  the  difference  is  very  small  and  no  statist  cal  test  is 
necessary^ 

in.  Ability  Of  subject,  to  detect  differe.  ces  in  the  two  types  of 

3rptle,,,^i  ct3  responded  in  a  vafiue  maimer,  A  few  said  tnat  one 
or  the  Other  was  harper  but  there  were  no  consistent  comments. 


pagr  3 


Conclusions: 


The  results  of  the  e  xperineno  demonstrate  that  blind  subjects  are 
able  to  read  both  hinds  of  Braille  equally  fast  and  con. 'renerd  each 
equally  well.  Ther*.  fore,  the  experimenters  recommend  t.  at  the  major 
study  be  done  v;isr  all  pages  printed  in  full  Lnterpcint. 


The  Influence  of  Type  Characteristics 
on  Braille  heading1 

Introduction 

Ordinary  printing  cones  in  different  sizes  and  styles  md  a  sighted 
reader  encounters  rany  of  these  during  the  course  of  an  ordinary  day.  For 
blind  persona  who  read  Brailie  printing,  there  is  little  variation  in  the 
size  and  form  of  the  printing.  Most  Braille  printing  has  these  standard 
characteristics :  dot  spacing  .  )9j  inches  (distance  between  dots  within  the 

Braille  cell);  cell  spacing  .160  inches  (horizontal  distance  between  adjacent 
cells);  line  spacing  .220  inches  (vertical  distance  between  lines). 

The  effect  of  the  characteristics  of  ordinary  printing  on  re  debility 
of  visual  materials  has  received  considerable  investigation.  There  has 
been  comparatively  little  investigation,  however,  of  the  effects  which 
Braille  printing  characteristics  have  on  it3  -eadability. 

A  rather  elaborate  investigation  of  certain  characteristics  of  Braille 
printing  has  been  reported  recently  by  Meyers,  Ethington,  and  Ashcroft  (1). 
Twenty-seven  different  types  of  Braille  rinting  and  108  adult  blind  Braille 
readers  were  u^ed  in  one  part  of  the  investigation.  The  second  part  of  the 

1  This  inve  tig  ticn  was  planned  by  Mr.  Virgil  Bicfcel  and  Dr.  Samuel  *lshcroft, 
of  the  American  Printing  House  for  the  Blind  and  the  late  Dr.  rnest  Meyers  of 
the  University  of  Kentucky.  It  was  supported  by  a  contract  between  the  American 
Printing  house  for  the  Blind  and  the  Kentucky  He search  Foundation.  The  exper¬ 
imentation  and  statistical  analysis  v*«re  done  by  Mr.  James  Clark  who  was 
employed  as  research  assist  nt  for  this  project.  Actual  experimentation  was 
carried  out  in  Chicago  where  127  blind  braille  readers  were  used  as  subjects. 
This  report  has  been  prepared  by  Hr.  Clark  and  Dr.  James  Calvin. 
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investigation  used  108  blind  children  as  subjects.  The  results  suggested  that 
the  following  characteristics  make  Braille  printing  ir.ore  readable:  (1)  dot 
spacings  of  .090"  or  .100'*  were  superior  to  ut  spacing  f  .030" {  (2)  cell 
spacing  of  .160"  wad  superior  to  cell  ..  .  cings  of  .123"  and  .140” ;  (3)  line 
spacing  of  .220"  as  superior  to  line  spacings  of  .163"  and  .3  >0".  This  was 
an  exploratory  investigation  end  a  wido  variety  of  ty  es  of  Braille  rint  ng 
(27  different  types)  were  u^ed.  This  permitted  only  four  subjects  for  e  ch  of 
the  27  different  rintiag  .ypea. 

This  is  a  re  ort  of  a  second  investig-  tion  which  was  planned  to  use  a 

small  number  of  printing  types  (five)  and  a  larger  number  of  subjects  (twenty) 
for  each  group.  The  five  types  of  Braille  printing  used  are  indicated  in  the 


table  below: 

Conventional  Description 

Description  Used  in  This  and 
irevioue  Investigation 

Dot  Space 

Cell  Space 

Line  Spaco 

Dot  Space  Cell  Spac 

e  Line  Space 

.090" 

.250" 

.400” 

.090” 

.160" 

.220” 

.090" 

.230” 

.400" 

.090” 

.140" 

.220" 

.090" 

.213” 

.400” 

.090” 

.123” 

.220” 

,030" 

.240” 

.330” 

.030” 

.160" 

.220" 

.o3o» 

.203” 

.323” 

.080” 

.123” 

.163” 

These 

particular 

combinations 

were  selected  for  the 

following  reasons: 

(a) 

These  are 

the  specifications  for 

"standard  Br 

aille”.  This  conbin- 

ation  was 

found  most  readable  by 

adults  in  the  first  investigation 

(b) 

This  was  ; 

rend  rapidly 

(but  not  Dost  rapidly) 

by  adults  in  the 

firf.it  investig  tion.  If  found  to  be  easily  readable,  it3  printing 
would  be  economical. 

(c)  This  combination  was  found  most  re  dable  for  children  subjects  in 
the  first  investigation. 


(d)  This  combination  produced  one  of  the  slower  reading  rates  in  the 
first  investigation* 

(e)  This  combination  would  yield  the  largest  number  of  Braille  charac¬ 
ters  on  a  page*  It  was  read  relatively  slowly  by  adults  and 
children  in  the  first  investigation* 

Irocedure 

A  preliminary  reading  ability  test  was  given  to  127  blind  persons.  The 
material  was  chapters  12  find  13  from  the  book,  The  Black  Arrow*  by  Robert 
Louis  otevenson,  nd  it  was  embossed  in  standard  Braille.  All  subjects  were 
instructed  to  read  as  much  of  the  material  as  possible  without  shipping  words 
and  they  were  told  that  they  would  be  asked  questions  on  the  material  they 
were  to  road*  At  the  end  of  a  30-minute  reading  period,  comprehension  of  the 
material  was  tested  by  a  list  of  twenty  questions  of  the  multiple-choice  type. 

Of  these  127  subjects  from  the  preliminary  sessions,  100  wore  used  as 
subjects  for  the  main  part  of  the  experiment*  These  100  subjects  were 
aoaigned  randomly  to  the  five  experimental  groups*  The  remaining  27  persons 
were  eliminated  from  the  experimental  analysis  for  the  following  reasons:  (1) 
failure  to  comprehend  at  le  st  50  per  cent  of  the  preliminary  material,  as 
indicated  by  the  comprehension  test;  (2;  some  subjects  repeatedly  fell  asleep; 
(3)  some  subjects  manifested  disturbing  spasms;  (4)  some  subjects  showed  overt 
evidence  of  anxiety  which  lead  to  behavior  which  seemed  to  disrupt  t  eir 
reading;  (5)  failure  to  return  for  one  of  the  experimental  sessions;  (6) 
failure  to  continue  reading  during  the  timed  experimen tal  sessions;  (7)  a&d 
finally,  random  elisiin  tion  to  reduce  each  group  to  20  subjects. 

As  described  above,  there  were  20  subjects  in  each  of  the  five  groups 
indicated  in  the  table  on  page  2*  The  experimental  periods  consisted  of  two 
fifty-minute  sessions  on  successive  days  for  each  subject.  The  material  used 


=  . -  .*». 


-V*  ,* 


. : .3  ■  ■  '  ■  *  ■  t 


.  ..  . 


*  t  i  \  f  ■ 


r  '•  *  v  ■ 


-  ’■  ..  ? 


u‘  v  '  ■  «.£  , 


>  ; 


U  ■ 


.i  ••  •  •  • 


Ai  M&+  t? 


V  : 1  > . 


£:■  r  ■?  ,  «  '  '! 

•  I  .  *  V  '  •  •  • ' 


r  ..  r. 


was  chapters  1-8  of  The  Black  Arrow.  During  each  session  the  experimenter 


recorded  the  time  at  the  end  of  each  alternate  pa* e.  This  ermitted  a  measure 
of  each  subject's  reading  speed. 

RESULTS 

Initial  Reading  Speeds 

There  were  not  differences,  except  small  ones  which  could  be  attributed 
to  chance,  in  the  initial  reading  speeds  for  the  Tive  groups  of  subjects. 

These  were  determined  from  the  preliminary  reading  ability  test.  Group 
means  and  measures  of  v  riability  are  presented  in  Table  I.  From  inspection 
of  Table  I  it  ig  t  appear  that  the  •030"-.123*,-*l63w  group  had  superior 
re: ding  ability  (91*09  words  per  minute)  at  the  beginning  of  the  experiment. 
However,  stati  tical  investigation  by  means  of  the  analysis  of  variance 
technique  (Table  II)  showed  that  these  differences  among  the  five  groups 
are  not  large  enough  to  be  considered  significant;  they  could  have  arisen 
from  chance  fluctuations.  From  this,  it  would  seem  reasonable  to  conclude 
that  the  random  procedure  of  assigning  subjects  to  the  five  experimental 
grou  s  resulted  in  groups  whose  initial  rending  ability  was  essentially  the 
same. 

A  distribution  of  reading  abilities  for  all  subjects  (100)  used  in 
the  experiment  is  shown  in  Figure  1.  Inspection  cf  this  diagram  indicates 
a  wide  range  of  reading  abilities  among  the  subjects  used  and  the  shape  of 
the  distribution  (bell  shaped)  suggests  that  the  subjects  are  probably  a 
representative  group  of  blind  Braille  readers.  Inspection  of  Figure  1 
suggests  that  the  distribution  follows  the  pattern  of  the  "normal  distribution” 

which  is  usually  found  when  a  representative  group  is  plotted  for  some 
human  ability.  The  obtained  distribution  appears  from  inspection  to  be 
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T/.BLE  I 

Reading  Speeds  During  Preliminary  Te3t  of  Reading  Ability 


Group 

Kean  Reading  Speed 

Standard  Deviation 

090-160-220 

?3.59  words 

per 

minute 

48.05 

090-140-220 

67*01  word 3 

per 

minute 

39*64 

090-123-220 

74.38  words 

per 

minute 

39*50 

080-160-220 

62*23  words 

per 

minute 

32.34 

080-123-163 

91*09  words 

per 

minute 

35.18 
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TABLE  II 


Analysis  of  Variance 

Re  ding  Speeds  during  Preliminary  Test  of  Reading  Ability 


Source  of  Variation 

Sum  of  Squares 

Degrees  of  Freedom 

Variance 

Printing  Types 

9967.49 

4 

2491.87 

Between  Subjects 
Treated  Alike 

146733.59 

95 

1545.14 

Total 

156756.08 

99 
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fairly  ’‘normal’'  in  shape.  No  statistical  analysis  has  been  performed  to 
verify  this,  however. 

Heading;  Speeds  for  the  Experimental  Materials 

Average  reading  speeds  for  each  of  the  five  ty; es  of  printing  are 
presented  in  Table  III.  Corresponding  measures  from  the  previous  inves- 
tig  tion  ere  also  given  for  comparison.  Inspection  of  these  data  suggests 
that  the  •090,'-.l60,’-.220"  combination  was  the  cost  readable  printing  used, 
the  .080‘:-.l60”-.220"  combination  the  least  read  ble.  In  the  latter  case, 
however,  the  group  of  subjects  which  received  the  •030"-.l60*,-.220H 
printing  was  the  lowest  group  in  initial  reading  ability.  Is  their  rela¬ 
tively  low  reading  performance  the  result  of  their  poor  ability  or  is  it 
because  they  received  inferior  printing? 

In  order  to  answer  the  question  of  whether  these  five  groups  differed 
in  reading  speed  during  the  experimental  sessions,  an  analysis  of  variance 
of  the  reading  speed  data  was  done.  The  results  of  this  nnalycis,  presented 
in  Table  IV,  indicate  thnt  the  differences  among  the  five  grou  means  are 
not  large  enough  to  reach  statistical  significance. 

Although  the  five  groups  did  not  differ  significantly  in  their  reading 
abilities  in  the  preliminary  test,  as  has  been  pointed  out  already,  the 
differences  seemed  large  enough  to  be  noticeable  if  not  significant. 

Group  .03  ),,-.123?' .163” »  the  superior  grou.j  in  the  preliminary  test,  read 
at  a  mean  rate  of  91*09  words  per  minute.  In  the  experimental  test, 
however,  this  group  had  dropped  to  fourth  position  out  of  the  five  groups 
and  the  group  read  at  a  mean  rate  of  67.73  words  per  minute.  On  the  other 
hand,  the  poorest  group  ( *030"-.l60”-.220" )  on  the  preliminary  test  remained 
the  poorest  group  on  the  experimental  te3ts{  this  group  read  at  a  mean  rate 
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TABLE  IV 

Analysis  of  Variance 

Heading  Speeds  During  Lx  ericeutal  Sessions 


Source  of  Variation 

Sum  of  Squares 

Degrees  of  freedom 

Variance 

Printing  Types 

12730.05 

4 

3195.01 

Heading  Periods 

414.33 

1 

414.83 

Printing  Ty;;e«  x 
heading  Period* 

33.07 

4 

22.01 

Between  Subjects 
Treated  Alike 

312752.55 

190 

1646.07 

Total 

323035.51 

199 
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of  62.23  words  per  minute  on  the  preliminary  test  and  57.07  words  per  minute 
in  the  experimental  tests. 

From  such  comparisons  between  preliminary  testa  and  experimental  tests, 
it  is  difficult  to  make  any  definite  conclusions  about  differences  caused 
by  the  different  printing  types.  A  statistical  technique  called  analysis 

of  covariance  permits,  in  effect,  an  adjustment  of  the  dat  from  the  experi¬ 

mental  sessions  so  a3  to  equate  all  subjects  for  reading  ability.  It 
should  be  possible  to  use  analysis  of  covariance  to  answer  this  questions 
If  all  subjects  are  equal  in  reading  ability,  will  the  difference  in  print 
types  make  any  difference  in  their  reading  performance?  In  this  way,  the 

effects  of  differences  in  reading  abilities  on  bo  statistically  ruled  out. 

This  analysis  of  covariance  was  done  and  the  results  are  reported  in 
Table  V.  This  analysis  indicates  that  the  five  groups  do  differ  signifi¬ 
cantly  in  reading  performance  on  the  experimental  materials  (when  differences 
in  reading  ability  have  been  taken  into  account). 

Mean  rending  speed  for  each  of  the  five  groups  has  been  adjusted  to 
equate  for  initial  differences  in  reading  ability.  These  adjusted  means 
are  presented  in  Table  VI.  From  the  analysis  of  covariance  described  in 
the  preceding  paragraph,  we  know  that  these  adjusted  means  differ  signifi¬ 
cantly.  Inspection  of  Table  VI  indicates  that  the  •  090f,-.l60',-.22JM 
and  the  .090M-.l40M-#220rt  rinting  types  resulted  in  superior  reading 
performance  and  that  the  •  0S0,,-.123',-.l  3M  printing  type  resulted  in 
relatively  poor  reading  performance. 

There  were  two  experimental  sessions  on  consecutive  days,  hach 
session  w.is  fifty  minutes  in  length,  dere  there  any  progressive  changes 
in  reading  speed  during  a  session  or  between  sessions?  For  example,  it  is 
possible  that  the  effects  of  practice  co  Id  operate  to  improve  reading 
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TABLE  V 


Summary  Table 


Analysis 

of 

Covariance* 

Source 

S3 

df 

MS 

F 

Significance 

Level 

Adjusted  sum  of 
squ. rea  within 
combinations 

16,411.79 

94 

174.59 

Adjusted  sum  of 

9,271.42 

4 

2,317.35 

13.27 

.01 

squares  between 
combinations 


*  Overall  mean  number  of  words  per  minute  for  the  two  sessions  was  used 
for  each  subject* 
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TABLE  VI 

Adjusted  Heading  Speeds  for  Five  Types  of 


Group 

Actual  Mean 

R©  ding  Speed 

Ad 

090-160-220 

81.81 

words 

per 

minute 

73 

090-140-220 

70.93 

words 

per 

minute 

73 

090-123-220 

72.59 

words 

per 

minute 

72 

030-160-220 

57.05 

words 

per 

minute 

63 

030-123-163 

67.73 

words 

per 

minute 

52 

Braille  Hr  in ting 

usted  Mean  Reading  Speed 

15  words  per  minute 
11  words  per  minute 
35  words  per  minute 
65  words  per  minute 
42  words  per  minute 


-v*;  *7  ^ 
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performance.  Or,  on  the  other  hand,  fatigue  effects  could  cause  perform¬ 
ance  to  deterioriate. 

Information  on  thi3  question  has  been  obtained  by  subdividing  each 
session  into  two  halves  (first  25  minutes  and  second  25  minutes),  Reading 
speeds  for  each  half  of  the  two  sessions  are  presented  in  Table  VII  and 
these  results  are  plotted  graphically  in  Figure  2,  Inspection  of  Figure  2 
suggests  a  slight  general  trend  toward  ir. proved  reading  speed  between 
the  first  and  second  experimental  sessions  for  all  groups  of  subjects. 

From  graphic  inspection  this  trend  appears  fairly  slight  and  it  is 
questionable  whether  the  degree  of  trend  is  significant.  To  answer  this 
question  of  significance,  a  trend  analysis  (2)  was  done  and  it  was  found 
that  the  degree  oi  trend  was  significant.  This  trend  analysis  is  pre¬ 
sented  in  Table  VIII. 

Immediately  following  the  second  experimental  session,  each  subject 
was  ached  several  questions  aimed  at  discovering  his  subjective  impressions 
formed  while  rending  his  Braille  materials.  These  questions  and  a  tabula¬ 
tion  of  the  answers  given  by  the  subjects  in  each  group  appear  in  Table  IX. 
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TABLE  VII 

Changes  in  Reading  Speed  During  Experimental  Sessions 


Session  1 

Group  *irat  Half  Second  Half 

Session  2 

First  Half  Second  Half 

090-160-220 

3o.o6 

73.80 

34.45 

83.16 

090-1 4-0-220 

70.63 

70.47 

72.45 

70.19 

090-123-220 

72.19 

69.99 

74.29 

73.73 

030-16  >-220 

57.06 

53.65 

59.42 

58.12 

030-123-163 

68.99 

63.38 

69.71 

68.43 

Figure  2 

Changes  in  Heading  Mt®  Practice 
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l&BLE  VIII 


Trond 

nalysiu 

Source  of  Variation 

Sum  of  Squares 

Degrees  of 

Freedom 

Variance 

F 

Gignificance 

Group  Keane 

25177.6? 

4 

6294.41 

373.77 

.01 

Individual  Keans 

6J.92VJ.12 

95 

6513.31 

337.07 

.01 

Overall  SIo  e 

354.32 

1 

334.32 

19.33 

.01 

•  v. •  .  • 

♦ 

Between  Group  Slopes 

70.20 

4 

17.55 

l.o4 

dot we on  Individual  Slopes  4127*66 

95 

43.44 

2.57 

.01 

Ove.Mll  deviation 
from  Linearity 

343.33 

2 

424.19 

25.13 

.01 

Group  Deviations 
froa  Estimation 

231.75 

8 

23.96 

1.71 

Individual  Deviations 
from  Estimation 

3159.63 

190 

16.34 

Total 

653230.23 

399 

I 
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Comparison  with  Kesuits  of  First  InveatiK  tion 

As  described  in  tbs  introduction  to  this  report,  this  investigation 
employed  five  or in ting  types  out  of  twenty-seven  which  had  been  used  in 
the  Meyers,  Ethington,  and  Ashcroft  (1)  experiment.  How  do  the  results 
of  the  two  investigations  compare?  The  mean  reading  speeds  obtained  in 
each  experiment  are  presented  in  Table  III.  Comparison  of  these  results 
appears  striking  in  two  ways* 

1.  In  the  present  investigation,  mean  reading  speed  /os  consistently 
lower  than  in  the  previous  investigation.  The  probable  reason  for 
this  discrepancy  is  that  a  superior  group  of  readers,  including 
many  te  chers  for  he  blind,  were  used  as  subjects  in  the  previous 
investigation.  It  seems  likely  that  the  subjects  in  the  present 
investigation  were  a  moi*e  representative  grou  of  Braille  readers. 

This  can  be  supported  by  co=  paring  the  distribution  of  initial  reading 
abilities  for  the  subjects  in  this  investigation  (Figure  1)  with  a 
corresponding  distribution  for  subjects  from  the  preceding  investi¬ 
gation.  Although  the  ranges  of  the  two  distributions  are  cc  arable, 
the  bulk  of  the  subjects  in  the  present  investigation  fall  at  lower 
readin  abilities. 

2.  The  relative  . ositions  of  the  various  groups  appear  to  show  some 
consistency  between  the  two  investigations.  From  scanning  the  table 
of  results  (Table  III),  it  can  be  seen  that  the  .090rt-.l60"-.220" 
group  ranked  highest  in  this  investigation.  In  the  previous  inves¬ 
tigation  it  was  in  second  place  with  respect  to  the  five  printing 
types  used  in  the  present  experiment,  but  alno  t  high  enough  for 
first  place.  The  .0  i0"-.l60”-.22  0n  grou  ranked  lowest  in  this  inves- 
tig  tion  and  it  was  tied  for  lowest  place  in  he  previous  investigation. 
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The  correspondence  botweon  the  two  seta  of  anks  seems  fairly  ctrong. 
To  this  extent,  the  recults  of  this  experiment  corrobo,  ate  those  of 
the  first  inveatig  tion# 
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090-16  J-220 
090-140-220 
090-123-220 
030-160-220 
OSO-I23-I63 


090-160-220 

090-140-220 

090-123-220 

030-l60-220 

030-123-163 


090-160-220 

090-140-220 

090-123-220 

080-160-220 

030-123-163 


090-160-220 

090-140-220 

090-123-220 

030-l60-220 

030-123-163 


090-160-220 

090-140-220 

090-123-220 

080-160-220 

080-123-163 


TABLE  IX 


Answers  to  ..uestions  At  End  of  Experiment 


Question 

1: 

Is  thi3 

Braille  the  same  or  different 

from 

what 

you  are  used  to? 

Sam© 

Different 

Don’t  Know 

9 

9 

2 

7 

11 

2 

7 

11 

2 

9 

11 

0 

1 

18 

1 

question  2: 

Are 

the 

dots  in  a  character  the  same. 

farther 

apart, 

or  closer  than  what  you  are  used  to? 

Same 

Farther  Apart 

Closer 

Don’t  Know 

10 

1 

8 

1 

3 

3 

10 

4 

2 

0 

17 

1 

8 

2 

7 

3 

3 

0 

17 

0 

iUeetion 

3: 

Are 

the 

lines  the  same, 

farther  apart 

,  or  closer 

than 

what  you  are  used 

to? 

Same 

Farther  Apart 

Closer 

Don't  Know 

11 

2 

6 

1 

5 

4 

7 

4 

13 

0 

4 

3 

13 

2 

4 

1 

3 

0 

16 

1 

uestion 

4: 

Are 

the 

cells  the  same, 

farther  apart 

,  or  closer 

than 

what  you  are  used 

to? 

Same 

Farther  Apart 

Closer 

Don't  Know 

10 

2 

7 

1 

7 

4 

6 

3 

5 

0 

13 

2 

9 

1 

3 

2 

5 

1 

14 

0 

question  5s 

Is  this 

Braille  the  same 

,  better,  or  worse  than 

the  Braille  you  are  used 

to? 

Same 

Better 

orse 

Don't  Know 

10 

5 

4 

1 

7 

2 

10 

1 

7 

0 

12 

1 

8 

3 

8 

1 

2 

2 

13 

1 

*  :*”• 
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DISCUSSION 


This  experiment  has  corroborated  the  results  of  the  heyers,  Sthington, 
and  Ashcroft  (1)  investigation  in  finding  that  standard  Braille  printing  (the 
♦Q9O"-.l60"-.22Q"  combination)  is  read  more  rapidly  than  most  other  types 
of  Braille  printing.  Out  of  the  five  ty,  es  of  Braille  printing  used  in  the 
present  investigation,  standard  Braille  was  the  most  readable. 

Standard  Braille  mny  be  more  readable  than  other  types  of  Braille  printing 
for  either  or  both  of  two  reasons:  (1)  it  may  be  more  readable  because  it 
combines  superior  printing  char  cteristicsj  or  (2)  it  may  be  more  readable 
because  it  is  the  printing  typo  (out  of  the  five  used)  with  which  the  subjects 
had  previous  experiences.  Favorable  printing  characteristics  or  familiarization 
from  past  experience  —  which  of  these  accounts  for  the  superiority  of 
"standard  Braille"?  This  question  cannot  be  answered  conclusively  from  the 
results  of  this  experiment •  To  provide  a  conclusive  answer,  it  would  be 
nece  oary  for  different  groups  of  blind  persons  to  learn  3r  ille  reading  on 
different  types  of  Braille  Tinting.  T  is  would  rule  out  the  factor  of  past 
experience  which  complicates  interpretation  from  the  results  of  the  .resent 
experiment • 

Would  Braille  readers,  reading  material  other  than  standard  Braille, 
gain  in  proficiency  over  a  Ion  er  period?  This  experiment  used  only  two 
fifty-minute  reading  periods.  It  is  possible  that  in  changing  from  standard 
Braille  to  other  Braille  printing  results  in  a  temporary  reduction  in  reading 
profi ciency,  whether  the  reduced  proficiency  is  relatively  permanent  or  only 
temporary,  due  to  changed  printing,  cannot  be  dete  'mined  from  this  investiga¬ 
tion.  An  investigation  using  a  larger  number  of  reading  nessione  would 
answer  this  question. 
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The  fact  that  a  rinting  type  (*0!?0"-.140''-.220")  other  than  standard 
Braille  t090,,-*l60M-*220,t )  proved  just  as  readable  when  data  were  adjusted 
t>o  us  to  equalise  .statistic. lly  initial  reading  ability  sut  gests  that  there 
is  nothing  inherent  in  standard  Braille  which  rakes  it  superior  to  other 
types. 

The  •  19O"  dot  spacing  types  ere  su perior  consistently  to  .130”  dot 
•pacings?.  The  Meyers,  bthington,  and  Ashcroft  investigation  showed  that 
•  >90  *  Jot  arcings  were  as  effective  as  .1 -O'1  dot  saacinga.  Taken  together, 
the  results  of  both  investigations  indicate  that  dots  within  a  Braille  cell 
can  be  too  closely  spaced  and  that  a  critical  valuo  exiate  between  spacing© 
of  .OSO”  and  .090”. 

The  •  33?,*-.122,,-.l63M  was  tho  least  readable  printing  used  in  this 
experiment.  This  is  the  r?o;it  compact,  closely  i  accd  printing  used  in  the 
experiment.  As  pointed  out  in  the  intro  uction  to  this  report,  this  combina¬ 
tion  would  yield  the  largest  number  of  Braille  characters  on  a  page  and  it 
would  be  economical  commercially  for  this  reason.  But  it  is  the  combination 
(out  of  the  five  used)  which  was  most  difficult  to  read.  It  would  appear 

. 

that  the  printing  is  so  closely  spaced  th  t  reading  efficiency  is  lost. 

There  are  several  kinds  of  close  spacing:  nearness  cf  dota  within  the 
Braille  cell;  nearness  of  adjacent  cells  in  a  horizontal  line  of  print ; 
nearness  of  two  lines  of  print.  The  consistent  superiority  of  .090”  over 
the  .0®0M  spacing*  suggests  that  sracing  of  dots  within  the  cell  may  be  tho 
cost  important  of  these. 
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SUKrURT 

In  an  investig;-  tion  of  the  readability  of  Braille  printing  the  five 
following  types  of  Braille  printing  were  used:  (1)  .090"  (distance  between 
dots)  -  .160"  (distance  between  3  aille  cells  in  a  line  of  print)  -  .220" 
(distance  between  lines  of  Braille  print)  -  (2)  .090"-.l40"-.220n ;  (3) 

. 090" -.12 3"-. 220" j  (4)  .030"-.160"-.220" ;  (5)  .080"-.123"-.lG3" .  K 
different  group  of  twenty  blind  Brsille  readers  was  assigned  to  read  each 
of  these  five  types  of  printing.  Each  verson  was  used  for  three  sessions: 
a  preliminary  session  for  assessment  of  reading  ability;  two  experimental 
sessions  of  fifty  minutes  each. 

The  results  obtained  indicated  that  the  .Q90"-.l60"-.22Q"  (Standard 
B  aille)  and  .090"-.l40"-.220"  combinations  were  read  most  rapidly,  the 
•  030w»•123,,-•l63,,  combination  was  road  ie  st  ra  idly.  .090"  dot  spacings 
were  consistently  superior  to  .030"  dot  spacings  (distance  between  dots 

within  a  Braille  cell). 
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